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Problem solving is now an integral part of the teaching of mathematics in 
elementary classrooms. Accordingly, preservice teacher education students 
need to be prepared to teach mathematics utilizing problem solving as both a 
pedagogical methodology and as a heuristic that should be actively taught to 
students. The purpose of this study was to examine the mathematical problem 
solving skills of preservice teacher education students.
Twenty-seven students enrolled in one of two sections of an elementary 
mathematics methods course in an upper midwestern university during the fall 
term of 2003 participated in the study. Variables examined in the study included 
problem solving, math anxiety, and approach to learning as defined by 
strategies associated with the three approaches: surface, strategic, and deep. 
The relationships between the variables were also studied.
Students related the extent to which they perceived that they experienced 
math anxiety and employed the strategies associated with problem solving and 
the three approaches to learning through their responses to pre- and post­
course administrations of the Mathematics Information Processing Scale survey. 
These students indicated that they employed problem solving strategies and that 
the strategies used increased by the end of the course. Students also indicated 
that they typically experienced math anxiety and this neither increased nor
xi
decreased significantly by the end of this course. Math anxiety was not 
correlated to problem solving on the pre-course survey, but it was on the post.
The most common approach to learning reported by these preservice 
students was the Strategic Study approach, both before and after the course. By 
the end of the course, the Deep-Associative Study approach supplanted the 
Surface-Disintegrated Study approach for second place. This indicated growth in 
these preservice teacher education students as mathematicians and problem 
solvers since the Surface approach to learning has negative connotations and 
the Deep approach is a much more positive and deeply intrinsic approach to 
learning. Positive correlations were found between both the Strategic Study and 
Deep-Associative study approaches to learning and problem solving. No 





Background of Problem Solving 
Early Mathematical Problems
Solving problems has long been a part of mathematics curriculum, yet the 
concept of problem solving has been largely ignored. Some of the earliest 
examples of mathematics problems recorded date back to the ancient Egyptians. 
One such example (1650 BC) was a copy of an even older document, which 
states the problem, provides two different solutions and the correct answer. No 
mention was made of the problem solving techniques and strategies that could 
be employed by the successful student. Similar early examples from both 
Chinese and Greek documents have been discovered (Stanic & Kilpatrick, 1989). 
What these early examples of mathematics curriculum show is a very narrow 
view of problem solving. The student is given a problem to solve and sometimes 
an example of a solution to a similar problem. The methods students choose to 
employ to solve the problem is immaterial to the problem poser as long as the 
end result is the correct answer.
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Mathematical Problems in the 19th and 20th Centuries
Although several thousand years have passed since those early examples 
were recorded, little has changed in mathematics curriculum. An examination of 
mathematics curriculum in the United States from the 19th and into the early 20th 
century reveals a similarly narrow view of the mathematics problem. The focus of 
the curriculum is on presenting a single isolated mathematical topic at a time 
(i.e., how to calculate the area of a triangle). Direct instruction is given by the 
teacher as to which “rules" or algorithms must be used to solve that specific type 
of problem (i.e., the area of a triangle is found by taking half the length of the 
base and multiplying it by the height). Students are then given a number of 
problems of that type to complete (i.e., figuring the area of a number of triangles 
with different dimensions). By the time students have completed the assigned 
problems, they are expected to have memorized the algorithm, and the 
curriculum will then progress on to the next topic in the course of study. Students 
are considered to be little more than tabula rasa to be filled with algorithms 
(National Council of Teachers of Mathematics, 1970).
Problem Solving Emerges
In the early part of the 20th century, however, radical changes in the 
educational system began to emerge and were implemented on a small scale. 
Dewey's How We Think (1910) introduced educators to the concept of "reflective 
thinking” in relation to school children. He felt that there needed to be a 
connection between the curriculum taught and students' experiences. If a student 
needed to learn something, a problem should be posed:
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Where there is no question of a problem to be solved or difficulty to be 
surmounted, the course of suggestions flows on at random.... But a 
question to be answered, an ambiguity to be resolved, sets up an end and 
holds the current of ideas to a definite channel. Every suggested 
conclusion is tested by its reference to this regulating end, by its 
pertinence to the problem in hand. (p. 11)
As far as Dewey was concerned, problem solving was essential if any true 
learning was to occur.
Another important aspect of problem solving Dewey (1910) delineated 
was the actual steps of the problem solving process. He felt that there were five 
logical distinct steps. The student must (1) realize that there is a problem - a felt 
difficulty; (2) analyze the problem -  its location and definition; (3) formulate a 
hypothesis or suggest a variety of possible solutions; (4) develop knowledge and 
understanding of the problem by reasoning; and (5) experiment to prove or 
disprove the hypothesis. In Dewey's process, these distinct steps were not linear, 
however, but rather cyclical. As the student experiments with the problem, the 
hypothesis tested is subjected to scrutiny, revision, acceptance or rejection, 
causing the process to cycle back to further analysis of the problem or revision of 
the hypothesis, as needed. He felt that it is the duty of the teacher to pose 
problems that not only encourage the learning of the curriculum but also teach 
students to think inductively, critically, and reflectively.
Dewey did not tie his problem solving to mathematics, in particular, but 
rather to education, in general. His reflective thinking strategies were important,
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however, because they created a tie between scientific thinking and school 
children. The significance of his work to mathematics curriculum can be seen in 
that he was the first educator to see problem solving ability as an important skill 
that should be actively taught and developed in school children. His work also 
provided the impetus needed for the Progressive Era of educational reform.
Polya tied reflective thinking strategies and a problem solving focus to 
mathematics curriculum. Polya, like Dewey, called for radical changes to the 
traditional, direct method of instruction, making problem solving the pivotal point 
upon which all instruction should be built.
Thus, a teacher of mathematics has a great opportunity. If he fills his 
allotted time with drilling his students in routine operations he kills their 
interest, hampers their intellectual development, and misuses his 
opportunity. But if he challenges the curiosity of his students by setting 
them problems proportionate to their knowledge, and helps them to solve 
their problems with stimulating questions, he may give them a taste for, 
and some means of independent thinking. (Polya, 1945, p. v)
Polya’s four phases of problem solving, were quite similar to the five-step 
process posited by Dewey. The steps, which are still in use today in modern 
methods textbooks (see Sheffield & Cruikshank, 2001, for example), were 
(1) understand the problem; (2) devise a plan; (3) carry out the plan; and (4) look 
back. The teacher’s duty was “to help the student to solve the problem at hand” 
and “to develop the student’s ability so that he may solve future problems by 
himself (Polya, 1945, p. 3). In both Dewey’s and Polya’s work, the elements of
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the child-centered curriculum of the Progressive Era of education can be seen: 
the child's interests, needs, and thinking skills are to be used to teach the 
curriculum in more meaningful ways. Polya and Dewey also placed an increased 
emphasis on teaching the child to think logically and systematically. Thus 
problem solving, as a central theme that should be actively taught within the 
confines of the mathematics curriculum, was born (Stanic & Kilpatrick, 1989). 
Problem Solving Submerges
The movement, however, was short-lived. In October of 1957, the 
Russian’s success with Sputnik shocked the American educational system into 
yet another reformation. The major concepts of number and operation, relations 
and functions, proof, measurement and approximation, probability, statistics, and 
language and symbolism were introduced (National Council of Teachers of 
Mathematics, 1959). The content of this “New Math" curriculum was based upon 
thoroughly covering those concepts, the new terminology, number theory, and 
symbolism of sets. Problem solving strategies, once again, were largely ignored. 
It was felt that it was more important that students learn the algorithms required 
at that specific grade level than it was to make sure that they understood what it 
was they were learning and how to apply it when solving problems based upon 
authentic or “real-to-life” situations. Basal mathematics curriculum became 
readily available and used throughout the U.S. And, the tracking of students 
according to their reading ability began to occur within the confines of the 
mathematics classroom (Randolph, n.d.).
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It was during the time of this “New Math” curriculum that the first 
international studies of student achievement were conducted. The First 
International Mathematics Study was conducted in the 1963-64 school year. It 
tested 13-year-old (U.S. eighth grade) students and students in their last year of 
secondary school (U.S. twelfth grade). Out of the 12 participating educational 
systems, American eighth graders ranked 11 of 12 and the twelfth graders 
ranked 12 of 12 (Medrich & Griffith, 1992). The U.S. reaction to this was the 
“Back to Basics” movement of the 1970s that placed increased emphasis on 
computational skills and the memorization of basic facts and algorithms and the 
adoption of still more rigorous and structured textbook series (Randolph, n.d.). 
And Problem Solving Once Again
In 1978, the National Council of Teachers of Mathematics (NCTM) 
published the much disputed and controversial An Agenda for Action: 
Recommendations for School Mathematics of the 1980s. The Agenda included 
some very strong recommendations for reform within mathematics curriculum, 
the likes of which had never before been seen. Those recommendations would 
drastically affect mathematics curriculum from that point forward. The Agenda 
listed 10 basic skill areas that students needed for a “good mathematics 
education." These included the traditional strands of Number and Operations, 
Algebra, Geometry, Measurement, Data Analysis and Probability, and Reasoning 
and Proof, and added four new ones: Communication, Connections, 
Representation, and Problem Solving.
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The number one recommendation of the NCTM that appeared in both the 
Agenda (1978) publication and the yearbook that followed it (NCTM, 1983) was 
that “problem solving must be the focus of school mathematics” (1983, p. 8). It 
stressed that, although the basic skills were important, unless students could 
apply these skills in problem solving situations, their knowledge was virtually 
worthless in the real world.
Further emphasizing the need for radical reformation of the mathematics 
curriculum, the U.S. government’s National Commission on Excellence in 
Education published its report that same year revealing their findings with regard 
to the condition of the American educational system: A Nation At Risk (1983).
The report painted a dismal picture.
The educational foundations of our society are presently being eroded by 
a rising tide of mediocrity that threatens our very future as a Nation and a 
people. What was unimaginable a generation ago has begun to occur— • 
others are matching and surpassing our educational attainment.... 
International comparisons of student achievement, completed a decade 
ago, reveal that on 19 academic tests American students were never first 
or second and, in comparison with other industrialized nations, were last 
seven times.... Only one-third [of seventeen year olds] can solve a 
mathematics problem requiring several steps. (National Commission on 
Excellence in Education, 1983, pp. 1,4, 5)
The report recommended that all high school students seeking a diploma be 
required to take three years of mathematics, by the end of which students should
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be able to “apply mathematics in everyday situations” (National Commission of 
Excellence in Education, 1983, Recommendations Section A: Content #2, p. 1). 
The report also pointed out that the curriculum that was being used at that time in 
schools in the U.S. still relied heavily upon rote memorization of algorithms and 
basic facts, and was not sufficient. The public and educators began to realize 
that students needed a balance between learning concepts and skills and 
between problem solving and performing computational procedures (Bamberger, 
1998).
Further confirming the need for curricular reformation was the Second 
International Mathematics Study which was conducted in the early 1980s. This 
study rated 20 nations' 13-year-olds on arithmetic, algebra, geometry, 
measurement, and statistics and 15 nations' last-year secondary students on 
number systems, algebra, geometry, and calculus. Once again, the U.S. did quite 
poorly with 10th, 12th, 16th, 18th, and 8th place for the 13-year-olds, 
respectively, and 12th, 14th, 12th, and 12th for the last-year students, 
respectively (Medrich & Griffith, 1992).
In an effort to ameliorate the nation’s mathematics curriculum, and thus 
student achievement, the NCTM produced a series of standards documents 
(1989, 1991, 1995) designed to help teachers, administrators, and parents 
identify the elemental changes needed to improve mathematics education. The 
1989 Curriculum Standards for Grades 9-12 best summarizes the changes called 
for across all grade bands.
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The 9-12 standards call for a shift in emphasis from a curriculum 
dominated by an emphasis on memorization of isolated facts and 
procedures, and proficiency with paper-pencil skills to one which 
emphasizes conceptual understandings, multiple representations and 
connections, mathematical modeling and mathematical problem solving. 
(NCTM, 1989, Features of the Mathematics Content, paragraph 2) 
Changes in state-level standards that reflected these new NCTM standards 
slowly began to emerge.
The Third International Mathematics and Science Study (1995) provided 
the United States with more of the same results. Eighth graders still scored below 
the international averages in all areas except for data analysis, where they were 
average. An in-depth analysis of these results indicated that U.S. students' 
weaknesses did not lie in computational skills or knowledge of basic facts and 
algorithms, but rather, once again, in their ability to apply those skills and 
knowledge to new problems. These weaknesses, the same ones pointed to in A 
Nation at Risk and the Agenda, should have been corrected by the new 
standards, so the public demanded a deeper examination to determine what the 
problem was.
Studying those gaps in our learning and teaching. Studies examining the 
differences between American teaching practices and those of other countries -  
Asian countries in particular, as Singapore, Korea, China, Hong Kong, and Japan 
were the top five scoring nations on the TIMSS -  began to appear (Baker, 1993; 
Brenner, Herman, Ho, & Zimmer, 1999; Ma, L., 1999; Stigler & Hiebert, 1997;
9
Stigler, Less, Lucker, & Stevenson, 1982; Stigler & Stevenson, 1991). These 
studies consistently showed that there are distinct and troubling differences 
between what and how U.S. teachers teach and what and how teachers teach in 
the aforementioned Asian countries. If one were to compare the way Asian 
teachers teach to the NCTM standards, one would find that they teach like the 
standards say U.S. teachers should be teaching but are not. They emphasize the 
importance of problem solving and critical thinking, multiple solution methods and 
student discourse, to a greater extent than do their U.S. counterparts (Stigler & 
Hiebert, 1999).
A more detailed analysis of the differences which exist in teaching 
methodology is found in the works of L. Ma (1999), Knowing and Teaching 
Elementary Mathematics, and Stigler and Hiebert Understanding and Improving 
Mathematics Classroom Instruction (1997) and The Teaching Gap (1999). What 
these researchers found was that U.S. teachers are not as well prepared as their 
counterparts. They do not have as profound a level of understanding of the 
mathematics they teach as do teachers from these other countries. Accordingly, 
when U.S. teachers teach mathematics, the teaching is more superficial. They 
have a tendency to state key concepts as rules to be followed because they, 
themselves, cannot explain the concepts accurately and articulately. An example 
of this is found in L. Ma (1999): 23 U.S. teachers were asked to calculate 1 % *  
1/4. Only 9 (43%) were able to accurately complete the problem. This contrasts 
sharply to the 72 Chinese teachers who were asked to complete the same 
problem: they all were able to accurately complete the problem. Furthermore, the
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Chinese teachers’ explanations for their solutions showed a greater depth of 
understanding for fractions than did any of the explanations provided by U.S. 
teachers.
U.S. teachers are also less concerned than their counterparts with 
students discovering the rationale behind algorithms and tend to give their 
students a greater percentage of seatwork that focuses specifically on the 
practicing of procedures and little to no work that focuses on developing or 
applying concepts to new problems. This contrasts sharply to the Chinese 
teachers’ perspective, “[...] to know a set of rules for solving a problem in a finite 
number of steps is far from enough -  one should also know why the sequence of 
steps in the computation makes sense” (Ma, L., 1999, p. 108).
Stigler and Hiebert (1999) documented simifar differences between U.S. 
and Japanese teachers. The Japanese provided their students with opportunities 
to solve more realistic and practical mathematical problems and encouraged their 
students to approach those problems in several different ways and to find various 
solutions. Students were then expected to compare their solutions to those of 
their peers in order to find the best solution, as well as to learn what strategies 
their peers utilized. Students, therefore, are working toward finding increasingly 
more efficient methods of solving problems, while explicitly discussing the 
underlying mathematical concepts. The actual “heart” of the Japanese lesson is 
on having students solve challenging problems and share their findings with their 
peers, not on finding the one answer to a series of problems that is directly 
related to those solved by the teacher in the demonstration.
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Teachers in the Asian countries studied also more rigorously follow the 
frameworks or standards provided by their government and know and 
understand the curriculum that comes before and after that which they teach. In 
this way, they know what their students already know, realize what crucial 
concepts have already been developed but may need to be reviewed, and how 
what they do lays the foundation for future grade levels’ studies. There is less 
needless repetition and more deep coverage of concepts. They work more with 
their fellow teachers and rely more heavily on them, then do their U S. 
counterparts. The entire curriculum and approach to teaching is more integrated 
and less fragmented than that found in the U.S. Goals and standards are clearly 
stated and are met.
For an interpretation of how these differences affect student learning, the 
work of Stevenson and Stigler (1992), The Learning Gap, is examined. In the 
U.S. students have a tendency to focus on getting the one correct answer. When 
they make an error, it is not viewed as an index of what still needs to be learned, 
but rather as a failure. Japanese and Chinese students are taught to view an 
error as merely something that indicates that they need still more practice; more 
persistence and effort is needed in order to achieve. Nothing less is acceptable. 
These countries also provide few concessions for individual differences. The 
child who is slower merely needs to put forth extra effort. It is expected that 
progress will be made, slowly but surely, step by step.
As students approach the practical problems they are asked to solve in 
these Asian classrooms, the lessons provided them are well scripted and
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organized. The students are given reasons why they are learning what they are 
learning, and it is presented to them in contexts that have some basis in their 
own experiences. Students are actively encouraged to interact with their peers as 
they approach these hands-on experiences and are provided with clear 
information about the relevance and accuracy of the answers they find. They are 
given plenty of opportunities to practice what they have been taught and to 
extend their knowledge into new areas. The entire educational experience of 
these students, as described in all of these studies, sounds precisely like what 
the NCTM principals and standards documents purport to be a “good 
mathematics education.”
Greene, Herman, and Haury’s article (2000), confirms many of the 
findings reported by Baker (1993), L. Ma (1999), Stevenson and Stigler (1992), 
and Stigler and Hiebert (1997, 1999), and provides additional information of 
interest to the teacher educator with regard to these learning and teaching gaps. 
Their analysis of data collected about the curriculum of countries who 
participated in the Third International Mathematics and Science Study revealed 
that the 8th grade curriculum in the U.S. seemed comparable, overall, to the 
average 7th grade curriculum for other countries, so U.S. instruction at that level 
was actually a year behind that of other nations. When examining data on 
teaching practices they found that teachers in the U.S. focused more on teaching 
students how to get the right answer, while teachers in other countries were more 
concerned with helping students understand the mathematical concepts. 
Moreover, they, too, found that the educational reform principles advocated by
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the NCTM were quite evident in Japanese teaching and that was not so in the 
U.S. Although the U.S. teachers they studied reported that they were familiar with 
the principles espoused by this nation through the national and state standards, 
they were not necessarily implementing them within their classes.
Studies (Baker, 1993; Brenner et al, 1999; Fuson, Stigler, & Bartsch,
1988; Mayers, Sims, & Tajika, 1995; Peak, 1996; Stevenson, 1985; Stevenson & 
Bartsch, 1992; Westbury, 1992) which examine textbooks used in Asian versus 
U.S. classes provide evidence which further shows the disparity in these 
educational systems. With regard to when students are exposed to more 
advanced mathematical topics, students in Japan, China, and other Asian 
nations which typically outperform U.S. students, are usually exposed sooner 
and study the concepts in more depth than do their U.S. counterparts. Brenner, 
et al, (1999) report that even when curriculum covered appears to be at the same 
level, American students score lower on tests regarding that curriculum than do 
Asian students. Baker (1993) posits that this may be due solely to the way in 
which the Asian students are taught: because of their problem solving 
experiences, they are more mathematically competent than U.S. students.
Conceptual Framework
In order to address these discrepancies, educational researchers began to 
investigate problem solving as a means to improve student achievement results. 
Much of the research prior to 1985 focused on the heuristics or rules of problem 
solving and methods, programs, or curriculum that could be used by teachers in 
the classroom to successfully teach these needed skills and increase student
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achievement. These studies focused specifically on how the standards should be 
implemented (Silver, 1985).
Little research has been done, however, that examines the teachers’ role 
in the successful implementation of these methods, programs, curriculum, and 
standards. Studies prior to 1985 attempted to control the "teacher variable” by 
randomly assigning teachers to treatment programs or control groups. These 
approaches ignore what could be the greatest single variable in the educational 
system -  the teacher (Silver, 1985). Since the teacher controls the learning 
experience through posing problems, asking questions, and encouraging 
discussion and reflection, to ignore that variable is the equivalent of a foot fault; 
no matter what comes afterwards in a study, it does not count.
Studies prior to 1985, as cited in Silver (1985) and Cooney (1985), have 
shown that a teacher’s beliefs about mathematics, learning, and teaching 
influence a teacher’s decision making and teaching in the classroom, which, in 
turn, have a profound effect on student learning. Additionally, more recent 
studies support this (Grossman, Wilson, & Shulman, 1989; Raymond, 1997) and 
further show that teachers with negative attitudes towards math or who are math- 
anxious can be particularly detrimental, as they can and do pass those attitudes 
and anxieties on to their students (Martinez, 1987; Scholfield, 1981;
Sovchik, 1996). Post (1992) reports that a teacher’s negative attitude toward 
mathematics may lead to negative performance results on problem solving on 
the part of students merely because teachers expect less effort, persistence, and 
independence.
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Jackson and Leffingwell’s (1999) discussion of the results of a survey they 
conducted on math anxiety in students from kindergarten through college 
concisely state the implications:
Instructors must be aware of their impact on students. Students tend to 
internalize their instructors' interest in, and enthusiasm for, teaching 
mathematics. Conversely, if students think that the instructor is not happy 
teaching and does not enjoy being with them in the classroom, they will be 
less motivated to learn. (Jackson & Leffingwell, 1999, p. 585)
The teacher’s subject matter or content knowledge and skills are also 
vitally important to student achievement (Allen, 2003; Ball, 1988a; Ball, 2003; 
Steiner, 2003; Whitehurst, 2002; Wu, 1997; Wu, 1999a; Wu, 1999b). “You can’t 
teach what you don’t know” (Wu, 1999b). Recent studies of teacher preparation 
programs indicate, however, that these programs may not be providing future 
teachers with the subject matter knowledge and skills necessary to successfully 
teach mathematics. Steiner (2003) reported that in his investigation of 
coursework “in some of the most highly regarded schools of education, we doubt 
that most schools of education are doing an adequate job conveying essential 
knowledge and skills to prospective teachers” (p. 32).
Carpenter (1989) sees teaching as a problem solving experience. The 
teacher’s interactions with students during the course of classroom instruction 
create problems or dilemmas that the teacher must resolve in order to meet the 
needs of the students and teach them the curriculum. Teachers’ knowledge and 
beliefs may also influence their decisions regarding classroom instruction. Since
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teacher education programs are asked to prepare teachers who not only have 
the knowledge needed but who also have the ability to teach and an attitude 
conducive to educational achievement, these factors are of critical importance to 
teacher educators.
Need for Study
As previously discussed, the documentation available indicates that 
teachers’ attitudes and beliefs, as well as their subject matter knowledge, have a 
direct impact on student performance. Further, there is now a significant body of 
research which indicates that problem solving is a vital and important part of 
mathematics subject matter. Little research has been done to determine whether 
or not preservice teachers are coming out of universities with these necessary 
problem solving skills and whether or not there is a direct correlation between 
students’ attitudes and beliefs and the problem solving skills they possess.
Ball (1988b) studied the subject matter preparation of preservice teachers 
but did not specifically address problem solving skills. Instead, she looked at how 
they solved problems. Wu (1997, 1999) studied the education of preservice 
teachers of mathematics, but focused more on their attainment of mathematical 
content and skills and how the teacher educator could use problems to help 
these preservice teachers learn the content. Rigelman (2002) and others have 
studied how teachers in the classrooms actually taught using problem solving, 
how they employed the skills, themselves, as they taught their students 
mathematics.
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Many researchers (Gibson and Van Strat (2001), Hosticka and Traugh 
(1981), and Tishler (1980), to name just a few) have studied the attitude toward 
mathematics of preservice teachers, in general. Higdon (1975) compared and 
contrasted the attitudes towards and anxiety about mathematics possessed by 
preservice teachers to those possessed by inservice teachers. Gibson and Van 
Strat (2001) tracked the changes in attitude of preservice teachers’ in 
mathematics and science courses based upon constructivist instructional 
methods. Ambrose (2001) explored how preservice teachers taking their first 
mathematics course with a field experience component changed their beliefs 
about how students learned. Conrad and Tracy (1992) studied the effect on math 
anxiety levels of preservice teachers enrolled in methods courses with a field 
experience component and how their anxiety appeared to be reduced as a result 
of their exposure to this methods course. Sloan, Vinson, Haynes, and Greshman 
(1997) explored the reduction of math anxiety levels of preservice teachers 
enrolled in a methods course that utilized manipulatives and active learning 
approaches. Finally, Stuart and Thurlow (2000) studied the changes associated 
with preservice teachers’ beliefs about mathematics, teaching, and learning, 
when an increased emphasis was placed on awareness of their own beliefs and 
how those beliefs could be transmitted to others. Nowhere could I find a study 
that tied all of these elements together, while focusing on the problem solving 
skills personally employed by preservice teachers.
This study was designed to fill that niche. The context was a mathematics 
methods course with a field experience component, where a great deal of
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emphasis was placed upon the value of manipulatives and problem solving. 
Students explored their own usage of problem solving strategies, approach to 
learning, and attitudes towards and anxiety about teaching and learning 
mathematics, both pre- and post-course. Combining all of these elements into 
one study created a more complete picture of preservice teacher education 
students as they prepared to exit their teacher education program.
Problem Statement
The increased emphasis on the teaching of mathematical problem solving 
as a key component in mathematics curriculum provided the context for this 
study. Developing students' skills and abilities as problem solvers is now one of 
the key concepts teachers are required to teach. Accordingly, teacher educators 
are being asked by accrediting agencies like the National Council for 
Accreditation of Teacher Education (NCATE) to examine their programs to make 
sure that they are preparing teachers who can “identify, teach, and model 
problem solving” (National Council of Teachers of Mathematics, 1998, p. 9, 13, 
17). This study examined the problem solving skills, attitudes toward and 
anxieties about mathematics, and approach to learning of preservice teacher 
education students.
The following research questions were examined with regard to the 
participants in this study:
1. To what extent do preservice teacher education students indicate that they 
employ problem solving strategies?
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2. To what extent do preservice teacher education students perceive that they 
experience indicators of math anxiety?
3. What is the relationship between preservice teacher education students’ 
reported level of math anxiety and employment of problem solving 
strategies?
4. To what extent do preservice teacher education students indicate using 
learning strategies associated with the factors labeled “surface,’’ “strategic" 
and/or “deep" approaches to learning?
5. What is the relationship between preservice teacher education students’ 
approach to learning and their employment of problem solving strategies?
Delimitations
1. The study was conducted in one course at an upper midwestern university. 
Therefore, the results are only representative of that group.
2. The sample size was small and consisted of approximately half of the 
students enrolled in elementary and middle school mathematics methods 
during the term in which the study was conducted.
3. Some students could have declined to participate in this research, thus 
diminishing the sample size still further.
4. The study focused on the opinion of the students regarding their abilities and 




Based on the context of the NCTM standards, for the purpose of this 
dissertation, the following definitions are given:
Problem: a situation for which there is no immediate solution apparent. It 
will require thought and synthesis of previously learned knowledge in 
order to resolve it.
This definition for problem is consistent with definitions presented by 
others (Krulik & Rudnick, 1993; Lester, 1980; Polya, 1945; Schoenfeld, 1983, 
1985, 1992). It implies that a problem is not a problem unless the student cannot 
readily see a solution. For example, look at the following problem:
Jane and Fred are going to a party with 10 of their friends. They are in 
charge of bringing enough balls so that each person at the party will have 
one so that everyone can play a certain game at the same time. If Jane 
has three red balls and Fred has seven green balls, do they have enough 
balls or must they find more?
The forgoing sample problem is not difficult for most adults: the answer is readily 
apparent; therefore, it could not be considered a problem. However, for children 
six years of age, it could be considered a problem if the solution is not readily 
apparent to them. In order to solve the problem, the students will have to do 
something to resolve the issue and construct the knowledge needed.
Key components o f good problems (Hebert, Carpenter, Fennema, Fuson, 
Wearne, Murray, Olivier, & Human, 1997):
1. Problems should build upon students' prior knowledge and skills.
21
2. Problems should engage and interest students.
3. Problems should contain important mathematical content.
4. Problems should be open-ended and non-routine.
5. Problems should be challenging but accessible to students.
6. Problems should be well crafted.
Problem Solving: the process of finding a solution, discovering or resolving 
a problem by making use of mathematical knowledge, strategies, skills, 
and beliefs.
This definition for problem solving is consistent with those provided by 
others (Dewey, 1910; Krulik & Rudnick, 1993; Polya, 1945; Schoenfeld, 1983,
1985, 1992; Stanic & Kilpatrick, 1989). It implies that in order to solve the 
problem, the problem solver will need to apply knowledge and skills in order to 
construct the solution.
To assist students and teachers in the problem solving process, heuristics, 
or step-by-step methodologies, have been devised. Most problem solving 
heuristics, like Polya’s and Dewey’s, appear to be linear in nature. Polya’s (1945) 
problem solving process is usually presented in textbooks (see Sheffield & 
Cruikshank, 2001) like this:
1. Understand the problem.
2. Make a plan.
3. Carry out the plan.
4. Look back.
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This is not an accurate portrayal of the process, however. Polya and 
Dewey both realized and advocated that problem solving is cyclical, not linear. 
Once students understand the problem and make a plan, the actual carrying out 
of the plan or looking back stage may cause them to reevaluate their 
understanding of the problem, and their hypothesis, which could result in making 
or carrying out another, better plan, as shown in Figure 1. The actual “doing” of 
the mathematics of problem solving causes the problem solver to gain greater 
insight into the problem and the mathematical concepts behind the problem.
At the present time, there is some debate as to whether or not the process 
or heuristics of problem solving should be directly taught or if this is something 
students can be lead to deductively (Schoenfeld, 1979). An argument for 
heuristics (Forsten, 1992, p. 31) puts their use into perspective: “children face an 
overload when confronted with a task that requires them to do many things at 
once. Certainly complex problems can overwhelm them and leave the door open 
for a math block to form." Providing students with a heuristic leaves them with a 
plan of attack, a place to start. Once they are comfortable and confident in their 
ability to solve problems, they will most likely devise their own ways, their own 
heuristic. Either way, the teaching of a heuristic or allowing students to formulate 
their own, students need to develop and utilize an efficient and systematic 
approach when solving problems.
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Figure 1. A Cyclical Representation of a Problem Solving Heuristics. (Based 
upon the work of Wilson, Fernandez, & Hadaway (2003)).
Math Anxiety: feelings of tension and anxiety that interfere with the
manipulation of numbers and the solving of mathematical problems in a
wide variety of ordinary life and academic situations.
This definition is consistent with those expressed by Curtain-Phillips (1999), Hart
(1989), Richardson and Suinn (1972), Tobias (1993), Wigfield and Meece (1988)
and Wood (1988).
Approach to Learning: how a student typically processes information 
presented in the context of learning something new.
This definition is consistent with theory and research (Biggs, 1985, 1993; Craik & 
Lockhart, 1972; Marton & Saljo, 1984; Schmeck, 1983) upon which the MIPS 
survey was developed. The three approaches are surface, achieving (strategic), 
and deep. They can be placed along a continuum, as shown in Figure 2, with 
surface on one end, indicating that the student learns for extrinsic purpose, while 
the student with a deep approach would be intrinsically motivated to achieve. The
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achieving (or strategic) approach combines a competitive approach (extrinsic) 
with the orderly and efficient study habits of the deep approach.
Extrinsic Motivation Intrinsic Motivation
< >
Surface Strategic Deep





A frame for this investigation is offered in the following review of literature. 
The review provides a structure for analysis of problem solving in mathematics 
education by (1) providing the mathematics education context; (2) providing the 
mathematics standards context; (3) reviewing why and how problem solving 
should be the focus in curriculum; (4) reflecting how teacher attitudes, beliefs, 
and knowledge shape problem solving instruction; and (5) examining the use of a 
mathematics methods course as a context for change.
Mathematics Education Context
An examination of the history of mathematics education in general 
(NCTM, 1970), and in America, in particular, shows a cyclical pattern that cannot 
be ignored. Repeated calls for reform occur with suggestions for improvement 
being so similar from one reformation to the next as to be all but identical. It 
appears that educators know what needs to be done, but it apparently just does 
not get done in the right way.
Earliest Recorded Times Through the 18th Century
Until the sixteenth century when Hindu-Arabic (the digits 0 through 9) 
numerals were introduced, arithmetic instruction was based upon objects. 
Problems to be solved were related to something the student could see or touch.
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After the introduction of these numerals, mathematics education focused upon 
rules or algorithms, examples and problem sets, and emphasis slipped away 
from the use of objects (or what modern day teachers would call manipulatives).
During the seventeenth and eighteenth centuries, the work expected of 
both students and teachers became more formalized and mechanical. The 
teacher was to state a rule, give examples, and assign problems. Students did 
not usually have a textbook, per se. They were given ciphering books -  a book 
with blank pages. The students were to copy their problems into their ciphering 
books and solve them in silence. And, furthermore, there was only one correct 
way to solve the problems. The problems, themselves, usually stressed practical 
applications: measurement, bookkeeping, navigation, and surveying (or what 
modern day teachers would call real-world or authentic topics). The problems 
often involved the use of large numbers and extended computations. Students 
would receive one-on-one help from the teacher when they needed assistance 
(Brown & Coffman, 1914; NCTM, 1970).
Teachers in the seventeenth and eighteenth centuries had textbooks that 
explicitly told them what students needed to know and how they were to teach. 
Topics were presented separately and systematically, and work on one topic was 
to be completed before progressing to the next unrelated topic. Much of what 
appeared in these early texts was catechetical in nature, and a great deal of rote 
memorization and drill were considered necessary for the proper education of 
students. The following example is typical of texts of the time: “Q. What is 
Arithmetic? A. Arithmetic is the Art or Science of computing by Numbers, either
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whole or in Fractions. Q. What is the Use of Addition? A. Addition teacheth to
bring several particular Numbers into one total Sum..." (Dilworth, 1791, p. vi).
19th and Early 20th Centuries
The 19th century saw the beginnings of another reformation as the 
influence of European educational reform began to make its way into this 
country. Pestalozzi experimented with the ideas espoused by Rousseau in Emile 
(2001) (first published in 1762) and sought ways of implementing them in his own 
school. These experiments lead to the first modern-times child-centered 
curriculum, where children were free to explore topics through activities and use 
objects (manipulatives) to aide them in their explorations. These concrete 
experiences, it was thought, would form the basis for understanding the rules of 
mathematics. Pestalozzi advocated allowing the child to move from the simple to 
the complex, from the concrete to the abstract, from the known to the unknown 
(Smith, 2002).
The ideas of Pestalozzi were brought into the American schoolroom by 
Colburn (1821) in his new text First Lessons in Arithmetic, on the Plan of 
Pestalozzi, with Some Improvements. Colburn’s sequence of teaching advocated
(a) encouraging students to develop their own methods of solving problems,
(b) having students explain their methods, (c) questioning students about their 
solutions, and (d) suggesting improvements that would bring the students closer 
to the standard methods of mathematics education. Despite this more child- 
centered, problem solving curriculum, Colburn's text still called for recitation and 
memorization of basic facts (NCTM, 1970; Smith, 2002).
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This period also saw the rise of teacher training. Prior to this, teachers did 
not have specific training. At the lower levels of schooling, females who could 
read and write were the teachers. Mathematics education in these schools was 
quite slim, if it was taught at all. Curricular preference was given to learning to 
read and write from the Bible. At higher levels of schooling, teachers were 
college graduates or clergy waiting for their first position in their chosen field.
Very rarely did any of these early teachers have any pedagogical training. 
In fact, formal teacher training was not instituted in American universities until 
1832. The first public normal school, a school created solely for the purpose of 
educating teachers, was founded in Massachusetts by Horace Mann in 1839 
(Rippa, 1988). It was not until the end of the century that what is now called the 
traditional methods of instruction (state a rule, give an example, and assign 
problems) began to change to reflect the new teaching methodologies of 
induction, reasoning, and discovery-teaching, as advocated by Pestalozzi and 
others. However, even after the turn of the century, the old school methods were 
still prevalent, as few practicing teachers had been exposed to these new 
methods of instruction.
Toward the beginning of the 20th century, the emerging field of psychology 
had a profound influence on education in general, and mathematics education, in 
particular, that is still being felt today. The work of Thorndike and Skinner 
reinforced the concepts of mental discipline: if you want students to learn 
something, give them lots of practice, until their responses become rote 
(Woolfolk, 1993). This led to the fragmentation of mathematics into basic facts
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and skills that must be taught and tested frequently. The old style of teaching 
suited the teaching of this material well.
Methodology textbooks for teachers like How to Teach Arithmetic by 
Brown and Coffman (1914) emphasized the “value of drill” , and the need for 
accuracy, neatness, and speed, while still touting that problems need to be of 
interest to students, based upon their own experiences, and emphasizing real- 
world situations and needs. The use of objects was still emphasized as important 
to the psychological development of mathematical concepts. As students “gain in 
power of independent thought, that is, in ability to organize and condense their 
experiences, the number of objects used in teaching decreases; but never 
entirely disappear, for they are always of value in comprehending and 
interpreting new situations" (Brown & Coffman, 1914, p. 138). But, the overall 
flavor of mathematics education was still quite traditional.
20th Century
Despite these calls for reform and a more child-centered curriculum by 
philosophers and educators like Rousseau, Pestalozzi, and Colburn, little 
changed; several factors contributed to this. First, there was a general resistance 
to the changes by teachers and administrators. Comfortable and confident in 
their ability to teach in the old school ways, they saw no reason to change. 
Second, World War I, the depression, and World War II quickly followed one 
another, and money for innovative changes to curriculum was not available. 
Enrollment was also dropping, as more students became members of the work 
force to help support their families in these times of economic uncertainty. Since
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students were attending school for such a short period of time, it was felt that it 
was more important to teach students “the basics’’ (basic facts and skills) than it 
was to teach them to reason and deduce answers to problems (NCTM, 1970).
Nevertheless, the concepts of reform continued to ferment under the 
surface of the mainstream American educational system. Small reform schools 
like John Dewey’s, Francis Parker’s, and Maria Montessori’s emphasized that the 
children's interests should be the center of the curriculum: the curriculum should 
be based upon what students were interested in, and rote memorization and drill 
had no (or a very minor) place in the curriculum. The teacher's task was to select 
experiences for the students, choosing problems which would arouse their 
interest and curiosity, as well as stimulate and challenge them to look at the 
world and figure out why things work the way they do (Rippa, 1988).
Little changed in the field of mathematics education during that first half of 
the 20th century until 1957 and Sputnik. Worry that American students were not 
being educated well enough in math and science brought forth a new wave of 
reform: New Math. The advent of New Math transported mathematics educators 
into the realm of set theory, modular arithmetic, and different bases. No longer 
would students be required to memorize basic facts, and teachers would no 
longer be required to drill them on those facts. Students needed to be taught the 
theory behind mathematics (Bamberger, 1998; Randolph, n.d.). To put this into 
perspective, one might imagine mathematics education as a pendulum, with the 
rote memorization and drill of the previous period being at one extreme of the arc 
and New Math being at the other end.
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At the end of the 1960s, however, standardized test scores indicated that 
students now had a clearer understanding of number theory but could not recall 
basic facts and could not accurately perform basic computations. This situation 
led to the 1970s Back to Basics movement, and the pendulum swung completely 
backwards toward the old style of rote memorization and drill (Bamberger, 1998; 
Randolph, n.d.). Virtually everything connected with theory was thrown out, and 
mathematics education was based, once again, solely upon the memorization of 
basic facts and algorithms, and computational proficiency. This, as one would 
expect, led to the old problem of students' inability to apply those skills to solving 
problems.
Finally, around 1978, mathematics educators began to take steps toward 
a reform that incorporated both theory and skills. Agenda for Action (NCTM, 
1978) and A Nation At Risk (National Commission on Excellence in Education, 
1983) were published, bringing to the public’s attention the problems that existed 
in mathematics education and providing recommendations for improvement. One 
of the keys to this educational reformation seemed to be standards. Each state 
needed to be held accountable for what their students were learning. The 
standards documents would provide educators with a roadmap showing them 
what their students should learn at every grade level. If a teacher taught to those 
standards and if students achieved those standards, then the mathematical 
education they received would be appropriately rigorous.
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Mathematics Standards Context
The recent No Child Left Behind (NCLB) federal legislation has made a 
study of standards and standards-based teaching methodologies even more 
important. The NCLB document The Facts About...State Standards fact sheet 
states that this new legislation will “require each state to establish its own 
standards of what students should know and be able to do in the core content 
subjects -  reading, math, and science” (U.S. Department of Education, 2003, 
p. 1). Because most states, like Minnesota and North Dakota, base their state 
standards or frameworks upon the NCTM standards documents, an examination 
of the NCTM standards is worthwhile.
The first set of standards written by a national organization was the 
NCTM’s Curriculum and Evaluation Standards (1989). This first standards 
document describes what the NCTM believes to be a high quality mathematics 
education. The standards are divided into four areas: the grade level bands K-4, 
5-8, 9-12, and an evaluation section. When reading this document, it becomes 
obvious that the NCTM places emphasis on the students doing mathematics, not 
just the rote knowing of mathematics. They advocate the use of appropriate 
technology (calculators, computers, etc.), place a great deal of emphasis on 
authentic (real world) problem solving, and the principles of constructivist 
learning theory.
NCTM’s “vision" for school mathematics is built around five overall goals 
for students’ to achieve.
1. Students should learn to value mathematics.
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2. Students should learn to communicate mathematically.
3. Students should learn to reason mathematically.
4. Students should become confident in their own abilities.
5. Students should become mathematical problem solvers.
The second standards document produced by NCTM was the 1991
Professional Standards. This document was intended to provide guidance for 
those in charge of training new teachers and for the school districts that evaluate 
teachers. It answers the question "what would a classroom look like that follows 
these new (1989) standards?" It gives guidance on how to create learning 
environments and teaching situations conducive to the new curriculum posed by 
the 1989 standards. These Professional Standards are also based upon 
constructivist learning principles and advocate that the teacher becomes the 
facilitator of learning in the community of learners that is the new mathematics 
classroom. There are four components to these standards: (a) standards for 
teaching mathematics; (b) standards for the evaluation of the teaching of 
mathematics; (c) standards for the professional development of teachers of 
mathematics; and (d) standards for the support and development of mathematics 
teachers and teaching.
The third document produced by NCTM was the 1995 Assessment 
Standards. These standards were constructed to assist educators in evaluating 
and assessing what these new (1989) standards called for with regard to 
students’ performance in a manner that reflects the new reform vision for school 
mathematics. Because students are to explore and solve problems in their own
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way, standard methods of assessment were not considered appropriate. No 
longer was there one correct way to solve a problem; there may also be more 
than one correct solution; therefore, there may need to be more than one way to 
assess learning that respects the individual differences of the students. Since a 
great emphasis is placed upon teachers' questioning students to help students 
make sense of the learning environment, these assessment standards place a 
great deal of emphasis on questioning as a form of assessment. This standards 
document also gives guidelines for monitoring student progress and basing 
curricular decisions and assessment upon that information.
In 2000, NCTM published their most recent standards document: 
Principles and Standards for School Mathematics. This document is an updated 
version of the three previous standards documents. It integrates and updates the 
classroom-related portions of the three previous documents. The changes made 
were based upon the suggestions for improvement given by teachers in the field 
when the previous versions were examined, evaluated, tested, and implemented 
in individual classrooms and across whole schools. The new document has four 
grade bands, instead of the three: Pre-kindergarten -2 ;  3-5; 6-8; and 9-12. It is 
divided into five Content Standards and five Process Standards. The Content 
Standards are Number and Operations, Algebra, Geometry, Measurement, and 
Data Analysis and Probability. These standards “explicitly describe the content 
that students should learn'1 (p. 29). The Process Standards are Problem Solving, 
Reasoning and Proof, Communication, Connections, and Representation: These 
standards “highlight ways of acquiring and using content knowledge" (p. 29).
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Although problem solving is no longer the focus of mathematics education, 
the newest standards state, “problem solving is an integral part of all 
mathematics learning, and so it should not be an isolated part of the mathematics 
program. Problem solving in mathematics should involve all of the five content 
areas described in these Standards" (NCTM, 2000, p. 51). The standards now 
advocate a more integrated approach to teaching mathematics.
Problem Solving in the Curriculum:
Why and How
Problem solving has long been recognized as an important mathematical 
process. As previously discussed, An Agenda for Action (NCTM, 1978) 
advocated making problem solving the focal point of an effective mathematics 
education program and brought the topic of problem solving to light in the public 
eye. The report justified this position by pointing out that although American 
students are well equipped to solve basic facts and do computations utilizing 
basic skills, they are not good at applying those skills to authentic or real world 
mathematical problems. The math these students know is virtually worthless 
outside of the traditional mathematics classroom.
Problem solving is fundamental to everyday life. All students will be faced 
with problems, quantitative and otherwise, on a daily basis. Rarely, if ever, will 
they be faced with real world situations that explicitly state that they must multiply 
or use a certain algorithm in order to find the needed answer. Mathematics in the 
real world is messy; it presents itself as a problem that must be solved. Students 
must be able to understand the problem, figure out what is needed and what they
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must do to get that needed information, and then possess the skills necessary to 
solve the problem. Accordingly, to correct the deficit in American students’ 
learning, they need to be given as many opportunities as possible to solve 
problems in a variety of mathematical and real world contexts, both within the 
confines of the mathematics class, and without, thus providing them with 
opportunities to acquire and practice the skills and art of problem solving that 
they will need in order to become functional and productive members of society. 
The standards created in 1989, 1991, and 1995 all supported a focus on problem 
solving in such contexts.
Although the 2000 Standards no longer make problem solving the focal 
point, problem solving still holds a key position, and elements of it can be found 
in the other nine standards. Problem solving is now seen as a standard that 
should be taught, in and of itself, as well as a vehicle or lens through which 
students can explore the other standards and problems that exist in other 
contexts, outside of the realm of mathematics. The Principles and Standards 
justify it as such:
Problem solving is natural to young children because the world is new to 
them, and they exhibit curiosity, intelligence, and flexibility as they face 
new situations. The challenge...is to build on children’s innate problem 
solving inclinations and to preserve and encourage a disposition that 
values problem solving. (NCTM, 2000, p. 116)
This quote alludes to an even more fundamental reason why problem 
solving should be a part of the curriculum: constructivism. Constructivist Theory
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is based upon the work of Bruner, Vygotsky, and Piaget. Constructivism posits 
that students need to be actively involved in learning. They construct new 
knowledge based upon their own personal experiences. Therefore, it is the 
teacher’s responsibility to present students with situations or experiences that will 
enhance or encourage the students' learning of the concepts required. This 
learning is inextricably interconnected to language and social interactions: 
students must be given opportunities to discuss their learning with others; 
expressing their thoughts and processes further enhances the learning process 
(Ryder, 2003; Woolfolk, 1993).
A constructivist approach to mathematics is synonymous with problem 
solving. To illustrate, the mathematics lesson advocated by the NCTM standards 
starts with what the students already know and provides them with experiences 
or situations (problems) that will lead them towards making sense of 
mathematical concepts through their own discoveries (scaffolding). The 
experiences or situations need to be structured so that the children will move 
from the simple to the complex, from the concrete to the abstract. Accordingly, 
the learning environment must provide students with whatever materials and 
manipulatives (concrete) the students may need to solve their problems and 
construct their knowledge.
Throughout the problem solving process, students should be encouraged 
to share their thinking and strategies, as well as their solutions, with the teacher 
and their peers. Oftentimes if students are unable to solve a problem, talking with 
their peers or with the teacher may provide the students with some small amount
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of help that will be the impetus needed to put them onto the path of solving the 
problem. The whole process of problem solving enhances the reasoning skills of 
the students, because to explain to another why one did what one did and why 
one thinks what one thinks, requires more reasoning skills than it does to just do 
the problem.
An examination of the problem solving process shows that the students 
are progressing through the major categories in Bloom's Taxonomy of 
Educational Objectives (Bloom & Krathwohl, 1956). First the students must 
comprehend the problem to be solved, must have the mathematical knowledge 
needed to solve it, and because the problems posed are new and unique to the 
students, they must be able to analyze the problem and apply previously learned 
knowledge to the new situation. As students discuss their solutions with one 
another and with their teacher, they must evaluate their solutions, as well as 
those of their peers, to determine which solutions are better or more effective 
than others. The final step, synthesize, is where students are given opportunities 
to pose problems. Posing a problem requires still more reasoning and problem 
solving skills, as the students are required to think about what is a problem and 
what it takes to create a good problem.
To place problem solving and problem posing into perspective as they 
relate to mathematical competency, we refer to Sheffield and Cruikshank’s 
(2001, p. 39) Mathematical Competencies Continuum (Figure 3) to illustrate the 
hierarchical structure of the learning of mathematics. At the bottom of the 









Figure 3: The Mathematical Competencies Continuum of Sheffield and 
Cruikshank (2001): Hierarchy for the Learning of Mathematics.
or use mathematics. The next level contains the “doers." These people have
memorized the rules for addition, subtraction, multiplication, and division and are
able to do well on computational tests. Generally, however, they do not
understand why; they just do it. (This is where the “Back to Basics" movement
was leading U.S. students. Students were quite good at recitation of basic facts
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§Rfi Slgorithms, but they really had no clear understanding of the mathematical 
concepts or logic behind the correct answers they gave.)
The third level is “computers.” Computers are able to do basic 
computations and have a general understanding of mathematical concepts. They 
do not, however, have the ability to apply those concepts to solve everyday 
problems. Those students who do have that ability to apply these concepts have 
advanced to the level of “consumers.” They have just enough mathematical 
knowledge to be able to function in society: balance checkbooks, figure out how 
much things will cost in stores and restaurants, etc. Once they are able to apply 
their knowledge in order to solve new problems, where the answer is not 
obvious, where they may be required to employ problem solving strategies they 
have not used before, then they have advanced to the stage of being “problem 
solvers."
Beyond the abilities of problem solvers are the “problem posers” and 
“creators." If a student is able to analyze knowledge gained in prior problem 
solving scenarios, and synthesize that information in new and creative ways, 
then they may be able to effectively pose new problems that need to be solved. 
Once a new problem is found, the student who can solve the new one may need 
to create some form of new math... math for the 21st century or beyond...in order 
to solve the new problem. Mathematical problems and exercises designed to 
heighten students’ interests and strengthen their ability to pose new questions 
will help them move up the Mathematical Competencies Continuum.
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Teacher's Attitudes, Beliefs, and Knowledge:
Influence on Problem Solving Instruction
Students learn mathematics through the experiences that teachers 
provide. Thus, students’ understanding of mathematics, their ability to use it to 
solve problems, and their confidence in, and disposition toward mathematics are 
all shaped by the teachers they encounter in school. The improvement of 
mathematics education for all students requires effective mathematics teaching 
in all classrooms (NCTM, 2000).
Research that focused on problem solving prior to 1985 largely ignored 
the teacher as a variable. The researchers controlled the problems and programs 
used to teach problem solving by creating experimental or quasi-experimental 
situations. The teacher, as a variable, was controlled by either randomly 
assigning the teacher to a control or experimental group or by assigning one 
teacher to two classes, one experimental and one control. Neither of these 
approaches considered the teacher, personally. What are the teacher’s attitudes 
regarding the experiment or the program being used, specifically, or regarding 
problem solving, in general? What knowledge or experience does the teacher 
possess regarding the teaching of problem solving and/or the program being 
used? What does the teacher believe about his/her role, the role of students, and 
the role of problem solving within the confines of the mathematics curriculum? 
Without examining this variable, the teacher, the results of any experiment are 
suspect, and any curriculum created without taking into account the attitudes and
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beliefs of the teachers who must implement that curriculum, could prove to have 
limited success within the confines of the classroom.
Several studies have shown that a teachers' attitudes and beliefs about 
mathematics, students’ learning, and teaching can have a profound influence on 
classroom instruction (Greenwood, 1984; Hersh, 1986; Larson, 1983 McIntosh & 
Jarrett, 2000; Shirk, 1972; Thompson, 1982). If the teacher has a positive attitude 
towards the subject and the students, then this affects how students feel about 
the subject and themselves, and their capabilities. If the teacher has a negative 
attitude towards the subject or has math anxiety, then that, too, can be passed 
onto students (Jackson & Leffingwell, 1999; Martinez, 1987; Scholfield, 1981; 
Sovchik, 1996). Some evidence suggests that this may be caused by something 
as simple as the amount of time devoted to the subject (Dutton & Dutton, 1991; 
Post 1992). Little value is placed on something that is not done often or when it is 
done it is rushed and the general feeling of participants is negative.
If the teacher believes that mathematics involves one correct answer and 
one correct mathematical procedure per problem, chances are the instructional 
approach taken by that teacher will focus on the mathematical concepts and 
procedures being taught, not on the process of discovering the answer(s) to the 
problem. On the other hand, if a teacher believes that students need to actively 
construct their own mathematical knowledge, and that the teacher's role is that of 
facilitator, the teacher is more likely to use activities that involve the students in 
uncovering the concepts and connections that exist behind the mathematical 
problems being done. One set of beliefs is conducive to a problem solving
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approach to mathematics instruction and the other is not (Ernest, 1989, chapter 
23).
Many teachers, however, do not feel that they are prepared to teach 
problem solving. They feel that they lack the knowledge, skills, and experience 
needed to effectively teach problem solving and/or lack the confidence and/or 
ability to select or pose “good" problems. Ball (2003) confirms this and points out 
that it is not surprising that the quality of mathematics teaching depends on the 
teacher's knowledge, which affects the quality of work produced by students. 
What is surprising is that current suggestions for improving teacher knowledge 
recommend that they merely take more mathematics classes.
Taking more mathematics classes provides only one half of the knowledge 
required. Knowing mathematics involves not only knowing the content or topics 
and concepts that will be taught, but also knowing how to connect that 
information to the real world, how to question students and guide them, how to 
teach them reasoning, and encourage their curiosity and interest. This 
knowledge cannot be found within the confines of higher order mathematics 
coursework, but must rather be found within courses designed to teach the 
pedagogy and mathematical knowledge required for teaching. Preservice and 
inservice teacher educators must struggle with the how of developing and 
teaching this information to new and experienced teachers. Without a qualified, 





One of the main principles of constructivism is that students’ prior 
knowledge and beliefs affect the ways in which they make sense of or construct 
new learning (Fosnot, 1989; Woolfolk, 1993). Preservice teacher education 
students are no exception to that principle. By the time they come into their 
methods courses, they have already been exposed to many years of schooling. 
During those many years of schooling, they constructed their own concept of 
what it means to teach and to learn mathematics. They have created their own 
images of what it means to be a teacher and a learner in school. They have 
decided to become teachers based upon or despite those experiences and 
images. The majority of preservice teacher education students experienced very 
traditional teaching methodologies when they were students in elementary and 
secondary school. The teacher told the students the mathematical concepts, 
demonstrated how to do the problems, and students practiced the application of 
those concepts by working through a problem set. If the students did not 
understand (i.e., they could not do the problems), then the teacher, ever more 
slowly, repeated the “telling” portion of the lesson (Ball, 1988a, 1989).
If these preservice teacher education students were successful in the 
traditional learning/teaching environment, then those preservice teachers may 
associate the traditional teaching methods with successful teaching strategies. If 
the students were unsuccessful, then the preservice teachers may have left their 
elementary and secondary education with negative attitudes about themselves
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as learners of mathematics. They may associate their failure with themselves, 
not with poor teaching strategies. When they teach, they may fall back upon 
those old strategies because they do not believe that they are “good enough” at 
math to do it the new way (Ball, 1988a, 1989; Fosnot, 1989; Kessel & Ma, 2001). 
Since the NCTM Standards describe a teaching methodology that is drastically 
different from this traditional method, preservice teacher education students will 
need to relearn what appropriate teaching and learning strategies are (Stepanek, 
1997). They may find themselves feeling uncomfortable, because the new 
strategies are unnatural to their views of successful teaching and unnecessary 
since they may believe that, based upon their own experiences, the old methods 
worked.
Since these preservice teachers have successfully completed elementary 
and secondary school as well as their first few years of college, teacher 
educators in the past have assumed that they have attained the necessary 
subject matter knowledge. Recent studies indicate these preservice teacher 
education students may not have adequate subject matter preparation. Their 
experiences in those traditional classrooms have shaped their understanding of 
mathematical concepts, just as it has their knowledge of learning and teaching 
methodologies. These preservice teachers may have memorized algorithms and 
basic facts, but they cannot apply those skills to problems, nor can they 
articulately explain the reasoning behind the application (Ball, 1988b;
Grossman et al., 1989; Steiner, 2003; Wu, 1997; Wu, 1999). Since additional 
mathematics coursework does not appear to provide a solution to this problem,
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teacher educators turn towards teacher education coursework, in general, and 
methods courses, in particular (Ball, 1988a, 1988b, 1989).
Methods courses have the opportunity to provide a unique learning and 
teaching experience. The purpose of these courses is to teach preservice 
teachers what are, in most cases, new ways of thinking about teaching 
(pedagogy) and learning (educational psychology and philosophy), while 
providing additional assistance and support with subject matter knowledge. In 
mathematics methods courses, in particular, this new thinking is very evident in 
that the focus is now on teaching methodologies advocated by the NCTM (i.e., a 
shift from teaching arithmetic to teaching mathematics, and a shift from 
memorization of basic facts and algorithms to constructivistic problem solving). 
These preservice teachers make meaning of the mathematical concepts they will 
be teaching through the activities and experiences they encounter in their 
mathematics methods course (Ball, 1988a).
There is now a great deal of research which examines the methods 
course as a context for changing preservice teachers' beliefs about themselves 
as learners of mathematics and about what teaching mathematics entails 
(Ball, 1988a & 1989; Fosnot, 1989). Still more research has been done about 
utilizing the methods course as a tool for specific contexts of change.
Research has shown that the methods course is a viable and effective 
context for reducing preservice teachers' anxieties with regard to teaching and 
learning mathematics (Battista, 1986; Conrad et al., 1992; Harper & Daane,
1998; Sloan et al., 1997; Teague & Austin-Martin, 1981; Tooke & Lindstrom,
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1998). In a study by Tooke and Lindstrom (1998), the researchers compared and 
contrasted the pre- and post-course levels of math anxiety of students enrolled in 
two sections of two different courses. One of the courses was a mathematics 
methods course and the other was a math for elementary teachers course. (The 
initial level of anxiety in all sections was about the same.) By the end of the term, 
it was found that students enrolled in the math course did not statistically 
significantly reduce their anxiety level, while those students enrolled in the 
methods course did. The structure of the methods course allowed students to 
experience success teaching and learning mathematics, thus reducing their 
anxiety level.
The NCTM strongly advocates the use of manipulatives in the 
mathematics classroom (NCTM, 1989, 2000). Research designed to increase 
preservice teachers’ exposure to the pedagogical use of manipulatives during 
their methods course has shown positive gains (Quinn, 1998; Sloan et al., 1997). 
First, these preservice teachers left their methods courses realizing how 
important it is that manipulatives are used at all levels of the elementary 
curriculum, and that there are myriads of manipulatives available to be used by 
them to teach. Second, the use of manipulatives in their methods course helped 
these preservice teachers (re)leam mathematical content and concepts that they 
would be responsible for teaching when they became teachers. For example, 
being able to apply the rule “invert and multiply" when dividing fractions holds 
little conceptual meaning to most adults. When they used manipulatives and
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examined what division of fractions truly does, they understood the mathematical 
concepts much more deeply and efficiently.
The use of problem solving in the mathematics methods course has also 
been studied and found to be effective. Briscoe and Stout (1996) reported that 
when problem solving was used in methods courses (science and math), 
students benefited. First, although students were initially frustrated because they 
did not know how to problem solve effectively, by the end of the course their 
confidence and ability to utilize a greater variety of problem solving strategies 
increased. Second, problem solving was an effective way for these preservice 
teachers to learn what they needed to learn in their methods courses. This 
experience also helped them appreciate more fully how problem solving would 
be effective for their students, as well. Third, the preservice teachers initial views 
as to what problem solving was (“getting the right answer” ) broadened to the 
realization that it is more “creating solutions” -  a more constructivistic viewpoint
(p. 80).
Summary
The literature review provided herein offered the context for this study. It 
presented a structure for the analysis of problem solving in mathematics 
education in the United States and showed why teacher educators focus on 
problem solving so intensely. Research related to how and where problem 
solving should be taught to preservice teachers was also discussed.
The overarching themes for reform provided by the NCTM Standards 
documents have been based upon a historically significant need for improvement
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found in the American educational system. An examination of the history of 
mathematics education in the U.S. showed that, to date, mathematics education 
has swung back and forth like a pendulum, from rote memorization and drill of 
the “basics” to the study of set or number theory. Each swing was initiated by 
unacceptable scores on international tests of elementary and secondary 
students.
In the 1980’s educators began to push for a more integrated approach to 
learning. This approach incorporated both theory and the basics into problems 
that students were asked to explore and solve. The problems were to be 
designed so that elementary students would be able to construct their knowledge 
of mathematics based upon their experiences with the problems. Similar to the 
curricula found in other higher scoring nations, the cornerstone of mathematics 
education would become problem solving, and the national standards began to 
emerge.
While it has been acknowledged for more than 15 years that traditional 
methods of instruction are not providing adequate educational opportunities for 
students, little has been done to modify instructional strategies used by teachers. 
Teacher education programs are being asked to take the recommendations 
made at the national level, and teach the next generation of teachers to utilize 
these strategies that research has shown to have a positive impact on student 
learning.
In response to this need, research has been conducted and has shown 
that a good place for problem solving instruction is in the methods courses these
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preservice teachers are required to take. Research showed that methods 
courses which emphasized and utilized problem solving to teach preservice 
teachers these new strategies also enhanced the problem solving skills and 
subject matter knowledge of these preservice teachers. The methods course has 
also been shown to help reduce the anxiety level of these students as they gain 





The purpose of this study was to examine the mathematical problem 
solving skills of preservice teacher education students. The main variables of this 
study were the students’ problem solving skills, attitudes toward mathematics, 
math anxiety, and learning approach. Specifically, this investigation was 
designed to collect data to answer the following questions with regard to the 
participants in this study:
1. To what extent do preservice teacher education students indicate that they 
employ problem solving strategies?
2. To what extent do preservice teacher education students perceive that they 
experience indicators of math anxiety?
3. What is the relationship between preservice teacher education students' 
reported level of math anxiety and employment of problem solving 
strategies?
4. To what extent do preservice teacher education students indicate using 
learning strategies associated with the factors labeled “surface,” “strategic” 
and/or “deep” approaches to learning?
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5. What is the relationship between preservice teacher education students' 
approach to learning and their employment of problem solving strategies? 
This chapter contains a description of the study, the data collection, and data 
analysis methodology.
Study Description
In the following sections I will describe the setting of this study, a 
description of the rationale behind the course selection, and a detailed 
description of the participants. I will also provide a description of the course 
structure.
The Setting
The setting for this study was a medium-sized university located in a city 
with approximately 60,000 residents in an upper midwestern state. The university 
had an enrollment during the fall term of 2003 of approximately 13,000 graduate 
and undergraduate students. The college of education in which the study was 
conducted had an enrollment of 947 students (259 males and 688 females), 
which equates to 7.3% of the university’s total population. The department in 
which the study was conducted offers teaching degrees at the undergraduate 
level in Early Childhood Education, Elementary Education, Middle School (with 
subject matter emphasis) and Secondary School (with subject matter emphasis). 
Master of Education, Master of Science, Doctor of Education, and Doctor of 
Philosophy degrees are also awarded through the department in the areas of 
Early Childhood Education, Elementary Education, Teaching and Learning, 
Reading Education, Special Education, and Higher Education.
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The underlying philosophy of the college of education is one of 
constructivism: faculty believe that students learn best when they are actively 
involved and engaged in the learning of the concepts in these teacher education 
programs. The structure of the courses reflects that philosophy, as there is a 
great deal of emphasis placed on the value of peer teaching experiences where 
students practice teaching lessons within the university classroom setting, and 
field experience placements where students are required to go out into 
preschools, grade schools, and secondary schools to observe practicing 
teachers working with students, as well as to periodically teach their own lessons 
under the guidance of these practicing teachers.
The Course Rationale
Research has shown that the mathematics methods course is an excellent 
environment for challenging students’ beliefs about teaching and learning 
mathematics (Ball, 1988a, 1989; Fosnot, 1989). Additionally, preservice teachers 
enrolled in these methods courses have reduced their levels of math anxiety 
(Battista, 1996; Conrad et al., 1992; Harper & Daane, 1998; Sloan et al., 1997; 
Tooke & Lindstrom, 1998). When that methods course utilizes problem solving 
and manipulatives, the preservice teachers gain not only vital pedagogical 
knowledge, but also subject matter knowledge and skills utilizing these tools 
(Briscoe & Stout, 1996; Quinn, 1998; Sloan et al., 1997).
Accordingly, the course in which this study was conducted was selected 
because it is the last mathematics methods course typically taken by students 
enrolled in the early childhood and elementary education programs. Generally, it
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is taken in the term prior to student teaching, approximately a year prior to their 
entering into the field as new teachers. Two sections of the three-credit Math in 
the Elementary School methods course were offered at the university during the 
fall semester of 2003. The course placed strong emphasis on both problem 
solving and manipulatives. This study, which examined the skills and attitudes 
these students possessed both pre- and post-course, revealed the skills and 
attitudes those students carried with them into the field, first as student teachers 
and then as first year teachers.
The Participants
Upon enrollment, students were randomly placed by administrative 
personnel into either Section 1 or Section 2 of this course. The only non-random 
consideration taken into account with these placements was with regard to 
gender; since so few male students enroll in this teacher education course, 
males were evenly distributed between the two sections. Section 1 contained 28 
students (two males and 26 females) and Section 2 contained 26 students (two 
males and 24 females). All students in both sections held senior status grade- 
level classification, according to the Office of the Registrar. Section 1 had three 
students with Early Childhood Education only majors, six with combined Early 
Childhood and Elementary Education majors, and 19 students with Elementary 
Education only majors. Section 2 had one student with a combined Middle 
School and Elementary Education major, one with a Middle School only major, 
and 24 with Elementary Education only majors The students in Section 1 were 
selected as the study participants as the researcher was the instructor of that
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section of the course. Permission to do the study with those students was sought 
and granted through the Institutional Review Board of the university.
Course Description
The course selected emphasized constructivist pedagogical practices and 
current methodological trends in teaching mathematics in the elementary and 
middle school. During the course, students investigated and explored how to 
facilitate the learning of mathematics through the use of problem solving, 
investigations, manipulatives, and technology. The overall structure of the course 
was based upon the NCTM Standards (2000), with each week focusing on a 
particular strand or standard and how that type of mathematics can and should 
be taught.
The key components of the course that directly pertained to this study 
included the increased emphasis placed on the importance of these preservice 
teachers being aware of their own attitudes towards and anxieties about 
mathematics, problem solving as both a skill and a tool used to teach 
mathematical concepts, the use of manipulatives, peer teaching, and a field 
experience component. (The inclusion of each of these elements into the 
methods course is supported by literature reviewed earlier and each has been 
shown to be efficacious.) What follows is a description of the structure of the 
course and key assignments.
Mathematics Autobiographies
In the first week students were introduced to the course, the NCTM 
Principles and Standards, and discussions were held regarding what
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mathematics is and what it means to know mathematics. Also discussed was the
increased emphasis being placed upon the importance of creating problem 
solving situations so that students may apply their knowledge of mathematics in 
authentic ways (NCTM, 1980, 1989, 1991,1995, 2000; Sheffield & Cruikshank, 
2001). Emphasis was placed upon what factors influence how teachers teach 
mathematics (national and state standards, organizations, textbook companies 
and their products, school districts and administrative personnel, parents, 
students (their abilities and interests), and the teacher's own attitudes, 
expectations, and experiences).
Discussions were held as to how important these preservice teacher 
education students' own attitudes towards mathematics, expectations of 
students, and personal experiences with mathematics were, and how those 
attitudes, expectations, and experiences could and may influence their students’ 
successes, attitudes, expectations, and experiences in mathematics (Cooney, 
1985; Grossman et al., 1989; Jackson & Leffingwell, 1999; Martinez, 1987; 
Raymond, 1997; Scholfield, 1981; Silver, 1985; Sovchik, 1996). In keeping with 
this discussion, the first assignment required students to write an autobiography 
that focused specifically on their experiences and beliefs as learners and 
teachers of mathematics. Ball (1989), Stuart and Thurlow (2000), and Flores and 
Brittain (2003) all review how such a reflective assignment can and should be 
used in the mathematics methods course as an affective tool that brings self­
understanding to the preservice teacher. This self-understanding is vital in that it
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will help them understand the critical role their beliefs may have on the decisions 
they will make as teachers.
The next week students shared their mathematics autobiographies with 
their peers in small groups. They were asked to focus on their positive and 
negative experiences as learners of mathematics, and how those experiences 
have influenced who they are and how they will approach the teaching of 
mathematics in their own classroom. Emphasis was placed upon using the 
negative experiences as a pedagogical learning experience and incentive for 
growth. What was it that made an experience negative, and how could they, as 
future teachers, do it differently?
The expectation was that the assignment and subsequent discussion 
would have focused students' insights into their learning and thinking with regard 
to mathematics classes. The sequencing of this discussion just prior to the 
administration of the MIPS survey was deliberate; students’ attention was already 
focused on their own strengths and weaknesses with regard to mathematics 
courses. It was assumed that their responses on the survey would be more 
realistic and representative of their past experiences, as recalled by them in their 
autobiographies and discussions with peers.
Consent Forms and Survey Administration
After students discussed their autobiographies, the coordinator of the 
Elementary Education Program came into the class to assist me with the process 
of gaining students’ consent to participate. I introduced them to my study, told 
them what assistance I would need from them, guaranteed them anonymity, and
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explained to them how it would be used to help fulfill the requirements for my 
dissertation, as well as to improve the instructional strategies and design of the 
course. I asked for and answered any questions students had and then excused 
myself from the classroom.
At that point, the program coordinator handed out the consent forms 
(Appendix A), went through it with the students, answered any additional 
questions, and addressed concerns expressed, assured students that she would 
be collecting and keeping the consent forms until after the term ended and final 
grades were assigned; only at that time would I find out who had chosen to 
participate and who had not. Once consent forms had been dealt with, the 
coordinator called me back into the room, and the MIPS survey was 
administered.
Problem Solving
In the third week students explored problem solving: its historical and 
educational significance, its place in modern-day mathematics curriculum, and 
definitional information regarding what a problem is and what it means to solve a 
problem. Heuristics and problem posing were also discussed (Polya, 1945). 
Working in groups of four to six, students were given problems to solve, both 
simple and complex. The students were encouraged to use a variety of problem 
solving strategies and manipulatives. Common problem solving strategies 
include pattern recognition, working backwards, guess and test, simulation or 
experimentation, reduction/expansion, organized/exhaustive listing, drawings or
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models, logical deduction, acting out the problem, and divide and conquer 
(Sheffield & Cruikshank, 2001).
An example of one of the more simple problems solved in our course 
involved the purchase of a horse: a horse is purchased for $60, sold for $70, 
purchased again for $80, and sold again for $90. What is the net gain or loss? 
Students were then asked to explain their strategies and solution. Most students 
used simulation to solve the problem, while others relied on their use of logic.
An example of one of the more complicated problems these students were 
given involved the following scenario called The Ice Cream Stands Problem (Los 
Alamos National Laboratory, n.d.). Students were given a map (See Appendix B 
for a complete description of the problem) of a fictitious city, Iceberg, and the 
following instructions:
What you have in your hands is a map of the town of Iceberg. It's a 
somewhat unusual way to draw a map. The lines on this map represent 
streets and the dots are street corners. The map doesn't have any houses 
on it, but we do know that there is at least one house at each corner.
Iceberg would be a nice place to live, except for one problem: you can't 
get ice cream anywhere in town. So Ivan and Ivana Icicle have founded 
the Icicle & Iceberg Ice Cream Company in order to do something about 
that. Ivan and Ivana want to do something good for their town, so they are 
going to build ice cream stands all over town where people can go to buy 
ice cream. They want it to be easy for the people to get ice cream. They 
also want to make money.
At first, Ivan and Ivana had hoped to put an ice cream stand on every 
corner, knowing how, in the summertime, they would just rake in the 
money. But ice cream stands are expensive to build: you have to buy all 
that lumber, and nails, and windows, etc. Then you have to put big 
freezers inside them, and pay people to work in them all day, and so forth. 
It didn't seem possible to sell enough ice cream to pay for ice cream 
stands on every corner.
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They figured, however, that people would still eat lots of ice cream if they 
only had to walk down the street to get it. Their second plan was to build 
the ice cream stands so that people could get ice cream either right there 
on the corner where they live, or at the very most, have to walk down only 
one street to find a corner where there was an ice cream stand.
Now, all they have to do is figure out where to put the ice cream stands. 
Where should they put them? How many do they have to build?
I showed the students the map on the overhead projector, and we discussed the
problem. I told the students that once again, they could use any strategy or
method they chose to solve the problem, as well as any manipulative they
wanted to use. Once I had answered any questions they had and was sure that
they understood the problem, the students began to work in their small groups,
while I circulated the room to answer any questions and provide whatever
support, encouragement, and assistance they needed.
At the end of 30 minutes, the class began to discuss the problem, and
each group was responsible for providing at least part of their solution and
discussing the strategies used to reach their solution. Questions asked during the
discussion included:
1. How many ice cream stands did you have to use? What was the lowest 
number possible? (Six.)
2. What strategies did you use to try to figure out where to put the ice cream 
stands? (Each group was encouraged to show their own strategies, and 
emphasis was placed upon how the different groups used somewhat different 
methodologies and yet came to the same solution.)
3. Which strategies were more effective than others? Why?
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4. Was this problem difficult to solve? Why or why not?
5. What have you learned about problem solving? (Think like a teacher!)
It was hoped that this increased exposure to and experience with problem 
solving would provide multiple benefits, as delineated by Briscoe and Stout 
(1996). First, the students would learn why and how they should teach 
(pedagogical methodology) utilizing problem solving. Second, as the students 
solved problems, themselves, they would be increasing their own skills as 
problem solvers. (This may also have given them insight into how their students 
would feel when they explored problems.) Third, the solving of problems related 
to the mathematical content they would be expected to teach may have also 
caused them to increase their subject matter knowledge. These preservice 
teachers would be learning or relearning elementary education mathematics in a 
new and better way than that in which they may have been taught.
The Strands
From that point in the term onward, we focused on a specific strand each 
week. The strands covered were Number Sense (one week on whole numbers 
and one week on rational numbers); Computation (one week on addition and 
subtraction of whole numbers and another on rational numbers, and one week on 
multiplication and division of whole numbers and another two on rational 
numbers); Probability, Statistics and Graphing (one week); Geometry (one 
week); Measurement (one week); and Algebra (one week). Increased emphasis 
was placed upon how to use manipulatives and authentic problem solving 
activities in the teaching of each of these strands. Throughout the term, students
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were given opportunities to solve and to pose problems on their own and in small 
groups, utilizing a variety of manipulatives.
Authentic Math
Another key element of the course was the Real Life Math assignment. In 
this assignment, students worked in groups of four and selected an authentic 
occurrence or situation and were to explore and analyze it in depth to figure out 
how it could be used to teach mathematical concepts in an authentic way. They 
then created a hypermedia presentation, using either HyperStudio or PowerPoint 
which contained photographs taken by students using digital cameras or images 
downloaded from the Internet, and clearly showed what mathematics could be 
taught with that occurrence or problem. Two examples of topics explored by 
students were building a playhouse and taking a road trip. In the playhouse 
presentation students emphasized teaching mathematical concepts related to 
linear measurement and cost. In the road trip presentation students emphasized 
teaching the mathematical concepts related to geometric shapes and algebraic 
studies of patterns and lines, as well as cost analysis for operating the vehicle. 
Peer Teaching
As with all methods courses at this university, students were required to 
peer teach a lesson in the content areas. Peer teaching in this context involved 
students planning and implementing a lesson from start to finish. Students 
selected a topic based upon their grade level preferences or interests: addition, 
subtraction, multiplication, division, fractions, decimals, percents, probability, 
statistics, graphing, geometry, measurement, or algebra. They then figured out
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what grade level they were interested in teaching and began researching how 
that particular mathematical topic could be taught to students at that grade. They 
were to design and write a lesson plan for a 30-minute lesson that utilized 
manipulatives and problem solving in the teaching of the concepts involved in 
their topic. Next, students taught that lesson to their peers. After teaching, they 
were to write a reflection on their experiences, focusing on what went well, what 
needed improvement or strengthening, and whether or not they felt the lesson 
could be taught in a real classroom setting with real students of that grade level. 
Field Experience Planning and Lessons
The final component of the course that is directly related to this study was 
the field experience component. Students had a 60-hour field experience 
attached to their methods block. During that 60 hours, they were required to plan 
and implement one lesson in each of the four core subjects: language arts, social 
studies, science, and mathematics. Students worked with the regular classroom 
teachers to figure out what should be taught and how the lesson would be 
structured, and then were responsible for writing a lesson plan for that lesson. 
After the lesson was taught, students wrote a reflection paper regarding their 
experiences with the planning and implementation of the lesson. What was it like 
teaching the lesson? How did students in the classroom respond to it? What 
went well? What modifications or improvements to the lesson would the 




Demographic data was gathered from students with the Demographic 
Survey (Appendix C). This survey was attached to and completed in conjunction 
with the Mathematics Information Processing Scale (Appendix D).
The main survey instrument used in this study is the 86 item Mathematics 
Information Processing Scale (hereafter in this study referred to as either “the 
survey” or “the MIPS”) constructed by Dr. Kenneth Bessant of Brandon 
University, Manitoba, Canada (Bessant, 1997). Students used a Likert-type 
scale to indicate how well statements described their study habits, problem 
solving strategies, mathematics attitudes, anxieties, and beliefs, and 
experiences. The MIPS was constructed by Dr. Bessant to examine (a) student's 
learning strategies, (b) problem solving skills, and (c) cognitive-attentional modes 
of math anxiety.
Bessant’s article reports the validity and the reliability tests used in his 
development of the survey. The five factors or themes considered by the MIPS 
are Metacognitive Problem Solving, Surface-Disintegrated Study, 
Deep-Associative Study, Performance Preoccupation, and Strategic Study. 
Metacognitive Problem Solving factor (hereafter referred to as “problem solving”) 
questions students regarding their use of problem solving strategies. The 
Surface-Disintegrated, Strategic, and Deep-Associative factors question students 
regarding their approach to learning. (Hereafter in this study these approaches 
will be referred to as “surface”, “strategic”, and “deep".) The Performance 
Preoccupation factor questions students regarding their anxieties with in relation
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to math and statistics and how those anxieties affect their abilities to perform well 
in class. (Hereafter, Performance Preoccupation will be referred to as “math 
anxiety” )
Bessant used three data-analysis procedures: “(1) the exploration of the 
factorial structure of the MIPS, (2) the assessment of score reliabilities for 
emergent dimensions of the MIPS, (3) the correlation of MIPS factors with 
measures of statistics anxiety, attitudes towards statistics, and student learning 
approaches” (1997, p. 846). The internal consistency of the MIPS was evaluated 
with Cronbach's alpha coefficient. Reliability estimates for the five dimensions 
were reported as 0.72 for strategic study, 0.85 for math anxiety, 0.86 for deep 
study, 0.88 for surface study, and 0.89 for problem solving.
Student learning approaches are delimited by the MIPS along a continuum 
from “surface” to “deep” with “strategic” appearing in the middle. The student with 
a surface approach is extrinsically motivated, often relies on rote memorization of 
algorithms and procedures used to solve other problems to help solve new 
problems, reproducing what was done before, usually without understanding the 
concepts involved, and with a minimal amount of effort. The student often feels 
dumb or powerless in math and statistics courses. The student with a deep 
approach is intrinsically motivated, interested in the subject, and has study 
strategies that enhance comprehension of problems to be solved. The strategic 
student is extrinsically motivated with processing strategies that focus on using 
study time efficiently and systematic problem solving heuristics (Bessant, 1997).
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The items on the MIPS that are used to define students’ learning 
approaches look at their preferred mode of processing statistics or mathematics 
course materials. They examine the students’ general study strategies and 
problem solving tactics. They also refer to a wide range of learning tasks that 
include but are not limited to lectures, reading textbooks, completing 
assignments, developing their own problem solving procedures, and preparing 
for examinations. Self concept and study motives are also examined. All 52 items 
examine deep versus surface orientations to learning in relation to statistics or 
mathematics-related contexts. The research of Biggs (1985, 1993) and Craik and 
Lockhart (1972) support this approach to defining student learning and the 
inclusion of such items in the scale.
Problem solving strategies are described and evaluated in the MIPS 
according to the students’ scoring of descriptions related to problem solving 
strategies. The MIPS looks specifically at the strategies of looking at the general 
framework of the problem, identifying a goal, determining relevance of material 
provided, developing a plan, and selecting and evaluating procedures to use to 
solve the problem. The research of Garofalo and Lester (1985) and Silver (1987) 
support the inclusion of these elements into the scale, and the similarity to 
Dewey’s and Polya’s steps is also evident and supports their inclusion in the 
survey.
Cognitive-attentional modes of math anxiety are determined by statements 
that rate the students’ ability to pay attention despite the potential for both 
internal and external distractions, and worry in evaluative contexts. These items
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examine the students’ anxiety in relation to evaluations, preoccupation with 
other’s opinions regarding performance, social-evaluative cues, and ability to pay 
attention despite external noise (Bessant, 1997).
Methodological Procedures and Design 
At the beginning of the Fall 2003 term, I explained the purpose of the 
research, the details of the survey, the benefits to the subjects, and issues of 
confidentiality. Students were then given the opportunity to ask any questions or 
voice any concerns they may have had. After I had answered the questions and 
addressed the concerns I left the room; the coordinator of the Elementary 
Education Program distributed the consent forms requesting students’ 
permission to collect the information. The MIPS survey was then administered. 
The data obtained through this initial MIPS survey was used as a baseline.
I developed a coding system to assign each student a two-digit 
identification number. All material gathered in this study was coded with that 
number which was the only identifier used throughout the data analysis.
During the course of the term students were exposed to problem solving 
strategies and problems in a variety of ways. The textbook students read 
(Sheffield & Cruikshank, 2001) also placed a great deal of emphasis on how 
problems and problem solving should be used to teach mathematics to 
elementary and middle school students. During the course of the term each 
student was placed with a mentor teacher in a local school classroom for a 
60-hour field experience. As part of the requirement for the course, students 
were responsible for planning, implementing, and reflectively evaluating their
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teaching of a mathematics lesson that fits into the field experience class’ regular 
curriculum. These lessons may or may not incorporate problem solving. It was 
up to the student and mentor teacher.
At the end of the term, students were asked to take the MIPS survey once 
again. These scores were to be compared to their baseline to determine if any 
changes occurred during the course of the term.
Data Analysis
This study was quantitative in nature and consisted of an examination of 
the differences between the beginning-of-the-term and end-of-the-term student 
responses to the Mathematics Information Processing Scale survey. A bivariate 
analysis of the MIPS data results was conducted utilizing the Statistical Package 
of the Social Sciences (SPSS) program. Specifically, I utilized descriptive and 
correlational statistics, and repeated measures t-tests to compare and contrast 
students’ baseline scores to their final scores on the five factors of the MIPS.
Summary
This study investigated the problem solving skills of preservice teacher 
education students. It was designed to also reveal their attitudes towards, and 
anxieties about mathematics, and their approach to learning mathematics. There 
were three direct benefits to the subjects: (1) they experienced mathematical 
problem solving from the perspective of the problem solver, (2) they reflected 
upon the thought processes that were used in solving problems, thus gaining 
insights into the problem solver’s perspective, and (3) they reflected upon their 
own attitudes, anxieties, and experiences as both a learner and a future teacher
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of mathematics. The study also benefited existing research, in that it focused on 
preservice teachers' problem solving skills and abilities as well as their approach 
to learning and attitudes towards, and anxieties about this most important aspect 
of mathematics curriculum instruction. With that knowledge future courses in 
mathematics education can tailor their instruction to alleviate anxieties and 





The Mathematics Information Processing Scale (MIPS) was used to 
measure the initial and post course levels of problem solving skills of preservice 
teacher education students enrolled in a mathematics methods course during the 
fall term of 2003. The MIPS is an 86-item instrument consisting of brief 
statements pertaining to students’ feelings in the context of their past 
experiences in mathematics and/or statistics courses.
Participants were asked to respond to statements to describe their own 
study motives, beliefs, and experiences with regard to mathematics. The 
instrument has a Likert scale with a range of 1 to 5 (“not at all typical” to “very 
typical”). Average scores for each of the five factors studied (problem solving, 
surface study, deep study, strategic study, and math anxiety were calculated.
The higher the number, the more “typical” the students perceived that they 
utilized problem solving skills, had a surface, strategic or deep approach to 
learning, and experienced the indicators of math anxiety.
Analysis of Demographic Data
Twenty-eight students began the course. Twenty-seven completed the 
course, so the number (N) of initial and post-course surveys is 27. Demographic
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data gathered from the students included gender, age, major, and class (year in 
school).
Gender
Twenty-five of the twenty-seven students were female (92.6%) and two 
were male (7.4%). No disaggregation of the scores is possible along this variable 
because anonymity was guaranteed to the participants and the small number of 
male students holds a threat to revealing their identity should the scores be 
reported by that variable.
Class
All students (100%) had Senior Class standing. Accordingly, no 
disaggregation of scores is possible on this variable.
Age
Student responses for the demographic variable age are presented in 
Table 1. Once again, because of the small number of students in certain groups, 
no disaggregation is possible because anonymity was guaranteed to the 
participants and the small number of students in certain categories holds a threat 
of revealing the identify of members of those groups.
Major
Students in the course reported their majors as Elementary Education, 
Early Childhood Education, or a combination of both (Table 2). No students 
enrolled in this section of the course were majoring in Middle School. Once 
again, because of the small numbers in certain categories, the data can only be 
discussed in general terms of the whole.
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Table 2. Major Reported by Participants.
Major Frequency Percent
Elementary 19 70.4
Elementary/Early Childhood 6 22.2
Early Childhood 2 7.4
What follows is a description of each of the five factors reported by the 
MIPS and a statistical analysis of the results of the pre and post administration of 
the survey. The mean and standard deviations for both pre-course and post­
course scores are provided in Table 3. (The individual scores for all participants
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are provided in Appendix E.) Tests to determine statistical significance of 
differences in the two mean scores are then reported in Table 4.
Analysis of the Five Factors 
Problem Solving
The factor associated with problem solving asked students to respond to 
statements about how typical it was for them to utilize problem solving strategies 
when confronted with a mathematical or statistical problem. Specifically, students 
were asked to rate how typical it was for them to look closely and critically at the 
information presented in a problem, create a plan of action, select, utilize, and 
critically evaluate strategies, rethink, revise, and refocus efforts when current 
problem solving methods are not productive. These elements are aligned with 
the work of and strategies developed by Polya (1945) and Dewey (1910). This 
factor also examined how students handled new information to determine if they 
“chunk" information into manageable units and/or search for the main idea, both 
of which are important problem solving strategies.
The mean score for the problem solving factor on the MIPS pre-course 
survey was 3.26, with a minimum score of 1.93 and a maximum of 4.13. This 
indicates that students at the beginning of this course reported that they 
“typically" employ problem solving skills when solving mathematical or statistical 
problems (Table 3).
The mean score on the problem solving factor on the MIPS post-course 
survey was 3.64, with a minimum score of 2.87 and a maximum of 4.80. 
Seventy-four percent of students reported an increase in their problem solving
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Table 3. Mean and Standard Deviations for Pre-Course and Post-Course Scores 
on the Five Factors of the Mathematics Information Processing Scale.
Pre-Course Post-Course
Factor M SD M SD
Problem Solving 3.26 0.54 3.64 0.50
Math Anxiety 3.24 0.79 3.23 0.74
Approach to Learning:
Surface 2.97 0.82 2.77 0.71
Strategic 3.40 0.37 3.56 0.38
Deep 2.81 0.51 3.28 0.53
skills between pre- and post-course surveys. The mean difference between post 
and pre scores was 0.37. This score indicates that their self-reported problem 
solving skills increased slightly.
To test the statistical significance of the difference between the pre-course 
score and the post-course score, a repeated measures t-test was run to compare 
the means of the two scores (Table 4). The mean difference was significant at 
the .001 level, and thus, the gain in mathematical problem solving made by these 
students during the course of the term can be considered statistically significant 
(t (26) = -4.60 (p = .000)).
Math Anxiety
The factor associated with math anxiety asked students to respond to 
statements regarding their performance preoccupation in mathematics and
75
Table 4. Paired Samples t Tests Data: Difference Between the Mean Pre- and 
Post-Course Scores Across All Factors of the Mathematics Information 
Processing Scale (N = 27, df = 26).
Factor M SD t Sig.
Problem
Solving -0.37 0.42 -4.60 0.000
Anxiety 0.01 0.44 0.11 0.914
Approach to 
Learning:
Surface 0.20 0.49 2.14 0.042
Strategic -0.16 0.31 -2.71 0.012
Deep -0.47 0.47 -5.15 0.000
statistics classes. Statements for this factor focused on these areas: Did they 
worry about what others think with regard to their performance? Did they worry 
about the grades they would receive? Were they distressingly agitated during 
class to the extent that they had difficulty focusing on the problems and materials 
being presented? Did they experience mental blocks? Were they easily 
distracted by others?
The mean score for the math anxiety factor on the MIPS pre-course 
survey was 3.24, with a minimum score of 1.56 and a maximum of 4.50. Utilizing 
the Likert scale as a measure, this indicates that students reported that they 
“typically” experienced math anxiety (Table 3).
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The mean score for the math anxiety factor on the MIPS post-course 
survey was 3.23, with a minimum score of 1.38 and a maximum score of 4.56 
(Table 3). This score, like that of the pre-course survey, indicates that these 
students reported that they “typically” experience math anxiety. Forty-four 
percent of these students reported an increase in their anxiety score; thirty-seven 
percent reported a decrease. The mean difference between the pre and post 
scores was 0.01. This indicates a very slight increase in the math anxiety level 
reported by these students. To test the statistical significance (Table 4) of the 
difference between pre-course score and post-course score, a repeated 
measures t-test was run to compare the means of the two scores. The difference 
was not significant at the .05 level, and therefore the change in the average 
anxiety level cannot be considered statistically significant (t (26) = 0.11 (p =
0.914)).
Learning Strategies
There are three factors associated with learning strategies: surface study, 
strategic study, and deep study. Each factor will be considered separately. Table 
3 provides descriptive statistics for all three factors and Table 4 provides the t- 
test data.
Surface Study
This factor is associated with extremely negative student feelings about 
mathematics and the students' perceptions about their ability to succeed in math 
and statistics courses. Statements students were asked to respond to used 
words or phrases like the following: “do not grasp", “dumb", “confused",
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“difficulty” , “rely on instructor”, and “unable to understand” and are representative 
of the statements students were to rate as “typical” or not. In general, the 
students’ response of “typical” to these statements would indicate that they lack 
confidence in themselves as learners of mathematics, and need to memorize and 
use the step-by-step instruction provided by the teacher in order to successfully 
complete a problem. If they forget a step, or the teacher does not show the 
students how to solve that particular type of problem, then they are unable to 
continue on their own and will quit trying.
The mean score for the surface study factor on the MIPS pre-course 
survey was 2.97, with a minimum score of 1.27 and a maximum of 4.59. Utilizing 
the Likert scale as a measure, this indicates that these students reported that 
they slightly below “typically” experienced these negative surface learning 
strategies at the beginning of the course.
The mean score for the surface study factor on the MIPS post-course 
survey was 2.77, with a minimum score of 1.23 and a maximum score of 4.05. 
The mean difference between the pre and post scores was .20 (Table 4). This 
indicates a slight reduction, which means that students reported that they were 
less than typically experiencing the feelings associated with this negative 
approach to learning by the end of the course. To test the statistical significance 
of the difference between the pre-course score and the post-course score, a 
paired-samples t-test was run to compare the means of the two scores (Table 4). 
The difference was significant at the .05 level, and therefore the reduction in
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these negative feelings and the employment of these negative learning strategies 
can be considered significant (t (26) = 2.14 (p = 0.04)).
Strategic Study
This factor is associated with students who have a systematic approach to 
study and problem solving in mathematics and statistics courses. Students were 
asked to respond to how “typically1' they utilize the following strategies:
1. memorize formulas;
2. use word cues;
3. relate one problem to a similar problem;
4. rethink problem solving strategies that go awry;
5. solve problems on their own in order to figure out the mathematical concepts 
and make sense of the information for themselves;
6. care about the most important information, the main idea;
7. study right before the test, and then associate a high score on a test with 
mastery of the material.
Students who score high in this area rely on specific strategies to succeed in 
math and statistics courses and are relatively extrinsically focused on doing well 
because they equate success in these courses with getting good grades.
The mean score for the strategic study factor on the MIPS pre-course 
survey was 3.40, with a minimum score of 2.75 and a maximum of 4.00 
(Table 3). Utilizing the Likert scale as a measure, this indicates that these 
students report that they slightly above “typically” utilize these strategic study 
learning strategies.
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The mean score for the strategic study factor on the MIPS post-course 
survey was 3.56, with a minimum score of 2.75 and a maximum score of 4.25. 
Utilizing the Likert scale as a measure, these students reported that they do 
above “typically” utilize strategic learning strategies. An analysis of individual 
scores reveals that 63% of students' scores increased from pre- to post-course. 
The mean difference between the pre and post scores is -0.16. To test the 
statistical significance of the difference between pre-course score and post­
course score, a repeated measures t-test was run to compare the means of the 
two scores (Table 4). The difference was significant at the .05 level, and 
therefore the increase in strategic learning strategies can be considered 
statistically significant (t (26) = -2.71 (p = 0.012)).
Deep Study
This final factor on the learning strategies continuum focuses on 
intrinsically motivated strategies. The students’ goal is to learn the subject matter. 
They take more time to complete assignments than most students because they 
will not move on until they understand the concepts. These students will develop 
their own new procedures or strategies to solve unfamiliar problems. Their 
excitement helps them solve problems. They keep track of the errors they make 
and break new material down into chunks so that they can learn more easily. 
Furthermore, these students make their own learning goals and objectives and 
look for the theory or big ideas behind new learning.
The mean score for the deep study factor on the MIPS pre-course survey 
was 2.81, with a minimum score of 1.95 and a maximum of 4.00 (Table 3).
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Utilizing the Likert scale as a measure, these students reported their utilization of 
deep learning strategies as slightly below “typical."
The mean score for the deep study factor on the MIPS post-course survey 
was 3.56, with a minimum score of 2.75 and a maximum score of 4.25. 
Eighty-nine percent of students reported an increase in their deep learning 
strategies. The mean difference between the pre and post scores was -0.47. This 
indicates an increase in the deep learning strategies reported by these students. 
To test the statistical significance of the difference between pre-course score and 
post-course score, a paired-samples t-test was run to compare the means of the 
two scores (Table 4). The difference was significant at the .001 level, and 
therefore the increase in deep learning strategies can be considered statistically 
significant (t (26) = -5.15 (p = 0.000)).
Analysis of Correlations
To determine which factors may be related to problem solving skills, the 
problem solving factor was correlated to both the math anxiety and approach to 
learning factors. Both pre-course and post-course scores were compared.
Problem Solving and Math Anxiety
The analysis of correlation was performed utilizing the Pearson’s 
Correlation test. Comparisons were run to relate the problem solving pre-course 
scores to the math anxiety pre-course scores (Table 5). The Pearson’s 
Correlation yielded r = 0.190, which was not statistically significant. This indicates 
that there was not a statistically significant relationship between pre-course 
problem solving skills and anxiety levels.
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The analysis of correlation between post-course scores yielded an r of
0.434, which was significant at the .05 level. This indicates that although the







PS to Anxiety r 0.19 0.434 *
PS to Surface r 0.042 0.252
PS to Strategic r 0.558“ 0.416*
PS to Deep r 0.644“ * 0.814*“
‘ Significant at the .05 level 
“ Significant at the .01 level 
“ ‘ Significant at the .001 level
students’ pre-course anxiety level was not related to their problem solving skills, 
by the end of the course they were positively related. As their skills increased, so, 
too, did their anxiety.
Problem Solving and Approach to Learning 
Again, the analysis of correlation for the factors listed in Table 5 was 
performed using Pearson’s Correlation with three separate comparisons of the 
problem solving pre-course scores to the surface study pre-course data, to the 
strategic study pre-course data, and to the deep study pre-course data. The 
Pearson’s Correlation yielded r = 0.042, r = 0.558, and r = 0.644, respectively. 
The surface approach to learning was not statistically significantly correlated to
8 2
problem solving. The other two were significantly correlated, the deep approach 
more so than the strategic approach.
The analysis of correlation between post-course scores yielded an 
r = 0.252, r = 0.416, and r = 0.814. Once again, the surface scores were not 
correlated to problem solving. The strategic was correlated at the .05 level and 
the deep was correlated at the .001 level.
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CHAPTER V
SUMMARY AND DISCUSSION OF FINDINGS,
CONCLUSIONS, AND RECOMMENDATIONS
As discussed in previous chapters, there has been a great deal of
emphasis placed by mathematics educators on the importance of problem
solving. Preservice teacher education students must leave their teacher
education programs with these skills because they will be required to utilize these
skills with, if not actively teach them to, their students. This study investigated the
perceptions of preservice teacher education students regarding the problem
solving skills they utilized before and after the last mathematics methods course
of their teacher education program. The study also examined students’ reported
math anxiety levels and approaches to learning. Included in this chapter are the
following: an overall summary of the study and a discussion of the findings,
conclusions based on those findings, and recommendations for the teaching of
mathematics education coursework and for further research.
Summary and Discussion of Findings 
In the fall of 2003, students enrolled in one of two sections of a 
mathematics for elementary teachers’ methods course were asked to participate 
in this study. The course emphasized several factors that other researchers have 
examined separately and determined to be beneficial to preservice teachers. 
Emphasis was placed on the importance of problem solving (Briscoe & Stout,
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1996), the use of manipulatives (Quinn, 1998; Sloan et al., 1997), and awareness 
of one's own beliefs with regard to mathematics (Stuart & Thurlow, 2000). These 
preservice teachers were provided a myriad of experiences with mathematical 
problems that must be solved and methods of teaching all of the mathematical 
strands through problem solving. They were exposed to and encouraged to use a 
variety of manipulatives to help them solve those problems. Students were also 
given assignments that were designed to increase their self-awareness of who 
they were as learners of mathematics as well as what type of future teachers of 
mathematics they wished to be. It was hoped that the experiences students had 
in this mathematics methods course would teach these students how to teach 
mathematics in the "new” way, improve their problem solving skills and approach 
to learning, and lower their math anxiety level.
Data was gathered from students via the administration of the 
Mathematics Information Processing Scale (MIPS) survey, which was given at 
the beginning of the term and again at the end at the end of the term. In this way, 
students’ perceptions of their growth across the five factors categorized by the 
MIPS could be described. The factors that were self-rated were Metacognitive 
Problem Solving, Performance Preoccupation (the measure of math anxiety), 
and Approach to Learning (Surface-Disintegrated Study, Strategic Study, and 










Pre 3.26 3.24 2.97 3.40 2.81
Post 3.64 3.23 2.77 3.56 3.28
Figure 4: Means Across the Five Factors of the MIPS From Pre-Course 
Administration to Post-Course Administration
In the following pages, I will present and discuss the findings with regard 
to each of the research questions. I will provide a statistical analysis of the data, 
share my observational analysis of the students as the instructor of the 
mathematics methods course, and compare and contrast the findings of this 
study to existing research cited previously.
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Question 1: To what extent do preservice teacher education students indicate 
that they employ problem solving strategies?
Webster's New World Dictionary defines the word teach as to "show or 
help to learn how to do something; give instruction to” (1982, p. 1459). This 
definition implies that the people who teach must possess the knowledge they 
are to impart to their students. Accordingly, if teachers are expected to teach 
problem solving, then they must possess and be able to use problem solving 
skills, as well as understand those skills and the problem solving process well 
enough to be able to “show" how or “help” their students to learn how to do 
problem solving. An exhaustive review of literature, however, did not reveal 
another study of preservice teachers which described their perceptions of 
utilizing problem solving strategies. This study sought to obtain those 
perceptions.
An examination of the findings indicated that the preservice teacher 
education students in this study entered their mathematics methods course 
reporting that they typically used problem solving strategies. Students in the 
study exited the course with marginally (0.37) higher levels of problem solving 
strategies. While the course was designed with the hope that the increased 
emphasis placed on and experience with problem solving would result in a 
substantial increase in their skills, their survey responses did not indicate that this 
occurred. The increase was small, but still statistically significant at the .001 
level, which indicates that the preservice students who participated in this course 
did perceive that they increased their skills somewhat.
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As the instructor of the mathematics methods course and the researcher
in this study, I cannot say that the increases these students experienced in their 
problem solving skills were minimal. I knew and talked to those students 
frequently throughout the term and saw what could be attributed to be substantial 
growth in the ways in which they approached problems in the classroom as well 
as in the field. Their peer teaching and field experience lesson plans, as well as 
their reflections on those teaching experiences, showed me how they were 
evolving and learning with regard to problem solving. It did not matter whether 
the lessons they had crafted worked or did not work out the way that they had 
planned; they analyzed the situations and figured out what went well, what did 
not go well, and based upon that information decided what they would do 
differently the next time they taught a similar lesson. Their field experience 
journals revealed still further evidence to suggest growth as they struggled with 
writing lessons to teach and working with students one-on-one to develop 
mathematical concepts. In every one of these areas, students showed that they 
understood, valued, and used problem solving. I saw growth that was not shown 
by students’ perceptions gathered from the MIPS.
The increase in students problem solving skills reported in this study 
supported the findings of Briscoe and Stout (1996) with regard to problem solving 
and Quinn (1998) and Sloan et al., (1997) with regard to manipulatives. I noticed 
in those initial problem solving situations that students were often frustrated and 
unsure of how to proceed with the solving of problems, and they were often 
reticent to use manipulatives. They were convinced that there was only one
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correct answer, and they wanted to know if they had gotten the "right one." These 
students felt that manipulatives were time consuming; they knew they needed to 
teach students to use them, but they did not feel that they personally needed 
them. As the term progressed, however, they were more confident and willing to 
explore the problems and shared their thinking and strategies more freely with 
one another. Students continued to be concerned with getting the "right answer," 
however. Their willingness to use manipulatives also improved. With regard to 
the ice cream stand problem, in particular, I recall that the level of frustration was 
quite high until they realized that pencil and paper were impossible; they must 
use manipulatives if they wished to succeed.
I also felt that the students in this study increased their subject matter 
knowledge in some areas as well. I have found that the concepts related to 
fractions inspire a great deal of trepidation in most preservice teachers. The use 
of manipulatives was the key to their learning and understanding the meaning 
behind multiplication and division. Initially, some could remember the rules for 
performing the computations and others could not. "Is it cross multiply, multiply 
across, or invert and multiply?” Even those students who were fairly secure in 
their subject matter knowledge hesitated before answering. There was still an 
element of insecurity. Yet after solving a great number of problems using both 
pencil and paper and the Fraction Factory™ manipulatives, they finally began to 
understand what it meant conceptually to multiply and divide fractions. This 
experience, in and of itself, made most of these students truly understand how
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important the manipulatives were to learning mathematics. They had personally 
experienced the value of the tool.
Question 2: To what extent do preservice teacher education students perceive 
that they experience indicators of math anxiety?
Another variable examined in this study was math anxiety. Math anxiety in 
teachers is troublesome and problematic. If a teacher is math anxious, then the 
very act of teaching exacerbates the situation in that students, principals, and 
possibly even parents, are watching and evaluating their mathematical skills, 
abilities, and teaching every time they teach a lesson. There is some 
inconsistency in the research, however, about how prevalent the problem 
appears to be in the preservice teacher population. Some research has shown 
that preservice teachers have higher levels of anxiety than do students majoring 
in other areas (Hembree, 1990; Kelly & Tomhave, 1985). A more recent study by 
Tooke and Lindstrom (1998), however, refuted that finding and reported that 
math anxiety in the preservice teacher education population was no greater than 
that found in the general public. Either way, research has consistently shown that 
the teacher’s level of anxiety has a detrimental effect upon student learning 
(Greenwood, 1984; Hersh, 1986; Larson, 1983; McIntosh & Jarrett, 2000;
Shirk, 1972) and, therefore, should be addressed. Research indicates that 
mathematics methods courses are a viable and effective context for reducing 
math anxiety (Battista, 1986; Harper & Daane, 1998; Sloan et al., 1997; Tooke & 
Lindstrom, 1998). When problem solving and manipulatives are added to that 
methods course, then anxiety is still further reduced because students gain
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confidence in their ability to do and teach mathematics (Briscoe & Stout, 1996; 
Sloan et al., 1997).
This study measured the extent to which the participating preservice 
teachers, enrolled in their last mathematics methods course, perceived that they 
experienced indicators of math anxiety. This group of students reported that they 
do “typically” experience elements of math anxiety. However, from pre-course to 
post-course, 44% percent of these preservice teachers reported an increase in 
the anxiety level, only 37% reported a decrease, and 19% reported that there 
was no change in their anxiety level. Statistically speaking, the difference 
between pre-course and post-course scores was not significant. The course 
neither positively nor negatively affected their reported levels of math anxiety.
A statistical examination of the data left me with more questions than 
answers. My observations led me to believe that these students felt more positive 
and less anxious at the end of the course. Class sessions went well; the 
atmosphere and attitudes expressed by students were positive. If I were to rate 
the students myself, based upon my observations and experiences with them, I 
would have stated that they were typically anxious, but that the level of anxiety 
was reduced somewhat as the course progressed. They learned more and 
became more confident in their own abilities as learners and teachers of 
mathematics.
I can, however, see several factors that may have contributed to the 
anxiety levels of these students. First, peer teaching and teaching in the field are 
frequently very stressful activities for preservice students. (The peer teaching
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experience actually seems to be the more stressful of the two because they feel 
that their peers are judging them and that students in the classroom are "just” 
learning from them.) If the student is already math anxious, then these teaching 
experiences may have made that student even more so. Second, for some 
students, the methods course itself makes them uncomfortable because these 
new teaching strategies are drastically different from the traditional 
methodologies they may have been exposed to and enjoyed during their own 
schooling (Ball, 1988a, 1989; Stepanek, 1997). When these students decided to 
become teachers, they had an image formed in their minds about what a teacher 
was. That image was based upon their own experiences as students. The 
methods course may have increased students’ anxiety, because they realized 
that teaching mathematics no longer resembled that old, traditional, comfortable 
image they had in their minds. These preservice teachers would need to modify 
their image of what it means to be a teacher to fit the new pedagogy.
Question 3: What is the relationship between preservice teacher education 
students' reported level of math anxiety and employment o f problem solving 
strategies?
In my review of the literature, I could find no studies that examined the 
relationship between problem solving skills and anxiety per se. Briscoe and Stout 
(1996) did report, however, that as students’ confidence in their problem solving 
abilities increased, their self-confidence increased as well.
Findings of this study which relate the perceived level of anxiety to the 
perceived use of problem solving skills were of interest. Although there was no
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correlation between these two variables in the pre-course data, there was a weak 
positive correlation in the post-course data. For these students, anxiety and 
problem solving were statistically significantly related in a positive direction. As 
one increased, so, did the other.
Observations in the classroom and in the field led me to believe that there 
should have been a strong negative correlation between the level of math anxiety 
and problem solving skills. Anxious students were less willing to take risks in 
problem solving activities; they were afraid to try new strategies and share their 
answers and strategies with their peers. Non-anxious students appeared to be 
better problem solvers; they were more ready to volunteer their strategies and 
answers to problems than others. What was it that caused students’ perceptions 
of their anxiety level and problem solving skills to be unrelated? It may be that 
anxiety is not related to problem solving skills at all. I find this difficult to believe.
A great deal of research is available that shows that there is a negative 
correlation between math anxiety and mathematics achievement (for a meta­
analysis of 26 recent studies, refer to X. Ma, 1999). This indicates that as math 
anxiety increases, mathematics achievement decreases. Mathematics 
achievement is functionally defined as performance of mathematical tasks 
(Ma, X., 1999) and problem solving is a mathematical task. Perhaps problem 
solving is like achievement in its effects on math anxiety level, and there is a 
relation between the two that was not revealed in this study. These findings left 
me with no clear answers, only more questions.
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Question 4: To what extent do preservice teacher education students indicate 
using learning strategies associated with the factors labeled “surface," “strategic" 
and/or “deep" approaches to learning?
The final portion of this study asked students to reflect on their approach 
to learning. It was of interest to note whether these students' perceived areas of 
approach to learning might be characterized as “surface", “strategic", or “deep”. 
Those reporting that mathematics and statistics coursework left them feeling 
“dumb” or “powerless” were considered to be using a “surface" approach. 
Students reporting that they rigorously employed the heuristics of problem 
solving in order to succeed were thought to be using a “strategic” approach. 
Finally, students indicating that they looked at mathematics and learned 
everything they could for the sheer joy of it were labeled “deep” mathematicians 
in terms of their approach. Since students absorb and emulate the learning 
strategies of their teachers, it would seem beneficial to have teachers possess 
and demonstrate the strategic or deep approach to learning mathematics.
At the beginning of the mathematics methods course, students reported 
that they were highest in their use of Strategic Study strategies. This indicates 
that they had memorized the rules and knew how to apply them in contexts 
similar to their initial learning. The strategies the MIPS identified as “strategic” are 
strong and systematic and focus on many of the same key strategies advocated 
by Polya (1945). The approach to learning that these students ranked as second, 
however, was the negative surface study; this indicates that they felt “dumb” and 
“lacking” in understanding. The approach to learning valued most by
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mathematicians and math educators is the deep approach, and these students 
reported using this approach least often on the pre-course survey.
By the end of the course, however, things had changed. While students’ 
perception of their use of strategic study still ranked first and showed a small 
increase in score, the deep approach to learning supplanted the surface 
approach. In fact, the increase in scores within the deep factor accounted for the 
greatest gain across the five factors. (Second in gain was problem solving skills.) 
The implications of this finding are the most profound; by the end of the course, 
students’ perceived approach to learning indicated that they were more 
intrinsically motivated to learn math and to solve problems, and, most 
importantly, they were feeling less "dumb.”
Student performance in class reflected the statistical findings. Strategic 
Study is an approach to learning that places a great deal of emphasis upon 
memorizing formulas and utilizing the heuristics of problem solving. This 
approach can be characterized as a traditional way of looking at mathematics, 
and this is how I observed most of these students approach problem solving 
tasks. These preservice teacher education students can do the math, and they 
make sure that they practice and study enough to be able to pass tests and show 
progress. They do not, however, demonstrate a deep feeling for the subject. It 
has value, because they realize that math is a subject they must teach and 
because math is a necessary part of successful and productive living in the 
modern-day world. The preservice teacher education students in this study 
primarily used strategic study as indicated by their lessons and class work.
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Students reporting having used a surface approach to learning at the 
close of the mathematics methods course troubled me. This methods course was 
designed to alleviate math anxiety. It was not until several weeks into the course 
that I realized that the same structural design elements that were supposed to 
have reduced these students’ anxiety level may also have decreased their use of 
surface strategies. The new teaching methods and strategies demonstrated in 
the course did seem to alleviate the students’ negative strategies. By the end of 
the course, most of the students who had expressed in their autobiographies 
their anxieties and feelings of helplessness with regard to mathematics were 
expressing feelings of relief and slight increases in confidence. They may have 
still felt somewhat negative, but at least they did not feel “dumb” and “powerless.” 
They had been given the pedagogical tools they needed to feel like they could 
begin to teach mathematics without too much trepidation.
Students’ reported increases in the deep study approach to learning were 
not as evident in these preservice teachers’ performance in class and in the field. 
Reported increases may indicate, however, like Ball suggested (1988a, 1989), 
that the students valued math more because of the exposure to positive methods 
and experiences in the course. I believe that I may not have been looking for 
depth in these students' approaches to learning, because it was more intrinsic to 
them and harder to see evidenced by coursework and lesson plans.
96
Question 5: What is the relationship between preservice teacher education 
students' approach to learning and their employment of problem solving 
strategies?
The review of literature conducted for this study revealed no research 
which examined what relationships exist between approach to learning and 
problem solving skills, except for the initial validation and inter factor correlation 
analysis reported by Bessant with regard to the MIPS survey (1997). Bessant’s 
factor analysis confirmed what Biggs (1985) suggested when he first devised the 
approach to learning definitions utilized in the MIPS. Both strategic and deep 
approaches are associated with problem solving, while the surface approach is 
not. This position seems logical, since the strategic study approach relies heavily 
upon the heuristics of problem solving, and the deep study approach has a 
penetrating orientation to learning that values elements of problem solving for the 
sake of learning. Surface study, however, represents unproductive problem 
solving strategies and negative experiences and any association that existed 
between it and problem solving would be negative, if at all.
The statistical analysis of the data supported the findings of Bessant 
(1997). There was no correlation between reported use of problem solving and a 
surface approach to learning in either the pre- or the post-course survey. There 
was a moderate correlation of reported use of problem solving to the deep 
approach to learning in the pre-course survey and a strong correlation in the 
post-course survey. There was a moderate correlation between reported use of
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problem solving and the strategic approach to learning in the pre-course survey 
and a weak correlation between these two variables in the post-course survey.
Observation of students’ approaches to learning and problem solving in 
class support the statistical analysis. Those students (some at the beginning and 
then only a very few at the end of the term) who exhibited characteristics 
associated with the surface approach to learning were powerless in their problem 
solving and did not appear to enjoy or learn from problem solving experiences. 
Students exhibiting the use of deep approaches to learning relished the problem 
solving experiences and became stronger and stronger in their use of strategies 
and exploration of problems. I assumed that the students reporting a strategic 
approach to learning in class should have reported improvement in problem 
solving skills by the end of the mathematics methods course as well. Nothing I 
observed in class or in the field helped me explain this phenomenon.
Conclusions
Based on the findings of this study, the five broad-based conclusions are 
offered:
Participation in the mathematics methods course, that served as the 
context for this study of preservice teacher education students, appeared to have 
an overall positive effect on these students’ problem solving skills. This 
conclusion is based upon the students' perceptions of having more typically 
employed problem solving strategies at the end of the course than at the 
beginning of the course as well as my observations of their growth in this area.
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Participation in the mathematics methods course had no clear impact on 
this group of preservice teacher education students’ math anxiety levels. 
Students’ reported perceptions of change in their math anxiety level before the 
course and after the course were mixed (i.e., some reported increases, some 
decreases, and some no change) with no statistical difference found between pre 
and post scores. As the instructor of the course, I felt that students' anxiety levels 
were somewhat reduced as they became more confident in their abilities as 
learners and as teachers of mathematics. It appears that math anxiety is a very 
complex phenomenon having multiple causative factors.
The relationship between preservice teacher education students’ reported 
levels of math anxiety and problem solving skills remains unclear. Student 
perceptions gathered from the MIPS survey at the beginning of the mathematics 
methods course showed no relationship between these two variables and only a 
weak correlation at the end of the course. While one might conclude that 
increased problem solving skills heighten students’ math anxiety levels after 
exposure to a mathematics methods course, my observations in the classroom 
did not support such a conclusion. Instead, students became more confident in 
their abilities as learners and as teachers of mathematics and exhibited lower 
levels of anxiety as the semester progressed. One possible explanation for this 
confounded relationship between problem solving skills and math anxiety might 
be that the MIPS measures anxiety by relating the indicator statements to math 
or statistics courses; my observational measure of anxiety, by contrast, related
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these indicators to the learning and teaching of mathematics in an elementary 
classroom.
Participation in the mathematics methods class appeared to improve the 
approach the preservice teacher education students in this study employed. Not 
only was this conclusion supported by students’ perceptions of using the 
“strategic” approach slightly more often after the course than before the course, 
but they also perceived that they engaged in the "deep” approach more and the 
“surface” approach less often. As the instructor of this course, I also observed a 
general movement toward a more intrinsic approach to their learning.
An examination of the data to determine what relationship, if any, existed 
between the preservice teacher education students’ approach to learning and 
problem solving skills revealed that while both “strategic” and “deep” approaches 
were related to problem solving skills, both at the beginning and at the end of the 
course, the surface approach was not related to problem solving at all. This is 
based upon both the statistical analysis of the data and my observations as the 
instructor of the methods course which provided the context for this study.
What follows are recommendations based upon the findings of this study. 
First, suggestions are made to teacher educators for the teaching of mathematics 
education coursework. Second, recommendations are made to those interested 
in conducting further research that relates to the teaching and learning of 
mathematics to preservice teacher educators.
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Recommendations
Recommendations for Teacher Educators
In these days of political and educational unrest as a result of the "No 
Child Left Behind" (NCLB) legislation, teacher education programs are being 
called upon to show that they are rigorously preparing future teachers to meet 
the new demands this legislation places upon classroom teachers. Since many 
teacher education programs, like the one studied, have few mathematics 
education courses, each course must be constructed to maximize student 
learning and preparation.
Accordingly, my first recommendation is that teacher educators carefully 
and critically examine both the students served and the structure and content of 
the courses offered in their teacher education programs. That knowledge should 
then be used to map out which courses are responsible for teaching which 
concepts. If a course is not meeting the needs of students, then it should be 
altered or eliminated to make way for new courses. In this way, everything that 
should be taught will be taught. The second part of this recommendation, 
however, pertains to the students. Teacher educators must figure out who these 
students are, what their needs are, and what obstacles to learning exist. In the 
study conducted, this information was gathered within the first two days of the 
course through the use of mathematics autobiographies and the initial 
administration of the MIPS. This information was used to tailor the course to best 
meet the needs of these students. My second recommendation flows from this.
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My second recommendation is that teacher educators be aware of and 
work to alleviate math anxiety in the preservice teacher education population. 
Courses should be structured so that problem solving, the use of manipulatives, 
awareness of one’s own beliefs and attitudes, as well as any other strategies that 
have been shown by research to reduce anxiety in these students are 
incorporated into coursework early in the teacher education program. The earlier 
teacher educators are working to change negative self-images and anxieties in 
these preservice teachers, the sooner progress can be made and anxieties 
reduced.
The third recommendation is with regard to the number of courses offered 
and required. The teacher education program in which these preservice teachers 
were enrolled requires that early childhood majors take two math education 
courses, yet the elementary majors are only required to take one. Neither is 
sufficient. If students are math anxious, then they are more inclined to avoid the 
subject and would not take an extra elective course in math. Therefore, it is 
recommended that preservice teachers be actively encouraged by their advisors 
(if not actually required) to take more mathematics education courses. One 
possible option would be to offer a two unit “Topics in Mathematics Education’’ 
course, which would focus on a different topic each term. Possible topics would 
include problem solving, manipulatives, geometry, algebra, measurement, and 
data analysis and probability. Because the topics would vary by term, students’ 
interests may be captured, and they may be more likely to take one or more 
topics courses within the confines of their programs of study. The more courses
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taken, the greater the gains in knowledge and self confidence, and the potential 
for lower levels of math anxiety as students experience success in these classes.
The final recommendation for teacher educators is tied to some extent to 
all of the aforementioned recommendations. Teacher educators need to take a 
greater role as educational researchers. They need to conduct, analyze, and 
report on research grounded in the teacher education and public school 
environments. Teacher educators also need to become more vocal when 
reporting on their findings so that the people who propose legislation, like NCLB, 
hear what they are saying about the most effective ways for students to learn and 
teachers to teach.
Recommendations for Researchers 
My first and primary recommendation for researchers is that additional 
research needs to be conducted with regard to problem solving, math anxiety, 
approach to learning, and preservice teacher education students. One reason 
why this research needs to be conducted is related to this study; it will help 
create a more complete picture of preservice teacher education students. This 
information should then be used to tailor existing coursework (as recommended 
above) to best meet the needs of these students and provide a populace of new 
teachers who are highly qualified and who utilize appropriate methodologies in 
the teaching of mathematics. If additional studies were conducted that mirrored 
this study, then the results could also be used to confirm or disconfirm this study.
Two major considerations for future research stem from limitations found 
in this study: the size of the population and the type of data collected. Because
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the population of students was small, the scores couid not be desegregated by 
the demographic data collected. That disaggregation across age, gender, class 
level, and major could have provided teacher educators with very valuable 
information about differences in students’ perceptions with regard to the variables 
studied: problem solving, math anxiety, and approach to learning. Also, a wealth 
of qualitative data could be gathered from a mathematics methods course that 
would have also created a more complete picture of these students. Math 
autobiographies, journals, and reflections on peer and field experience lessons 
taught, are just a few of the areas where qualitative data could have been 
gathered.
A final recommendation for researchers is that one or more surveys 
should be constructed that specifically address problem solving, math anxiety, 
and approach to learning as these variables relate to preservice teachers, in 
particular, or teachers, in general. At the time of this study, a survey that had 
been created to measure these variables in teacher education students could not 
be found. The Mathematics Information Processing Scale (MIPS) was designed 
to evaluate statistics or mathematics students' perceptions along these three 
factors as it pertained specifically to mathematics and statistics courses. The 
effect these three factors have on teachers, however, is quite unique, and the 
MIPS may not have adequately measured anxiety as it relates to teaching and 
problem solving skills that are needed by teachers.
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Final Thoughts
The cornerstone of mathematics curriculum is now problem solving. “The 
important point about problem solving is not that some people are better at it than 
others. Instead, the important point is that problem solving can be learned. It 






My name is Mary Baker and I am a doctoral student in the Department of Teaching and Learning, 
College of Education and Human Development, at the University of North Dakota. I am interested 
in gathering data for my dissertation about the mathematical problem solving skills of preservice 
teacher education students here at UND. You are invited to participate in this study. Your 
participation is voluntary and you may withdraw at any time without penalty. Participation or non­
participation in this study will not affect your grade in this course.
The purpose of this study is to find out more about our preservice teacher education students. 
What type of mathematical problem solving skills do they possess? What is their attitude towards 
mathematics? Do they have any anxieties regarding mathematics? What is their preferred 
learning style? When they teach, do they utilize problem solving activities, strategies or 
techniques?
Your participation in this research study will provide teacher educators with valuable information 
regarding how well they are preparing you to be teachers of mathematical problem solving. Your 
participation will also benefit you. It will expose you to problem solving and problem solving 
techniques not only as a preservice teacher, but also as a problem solver, yourself. This 
increased awareness of the skills, abilities, and attitudes you possess will help you as you think 
about how it could possible affect your future students and use what you have learned as you 
begin teaching.
The study will require no additional work. I would like to use information obtained about the 
problem solving you use during the mathematics lesson you teach in your field experience by 
collecting the lesson plan and reflection you write about that experience.
There is a minimal risk of loss of confidentiality, as your name will appear on your lesson plan and 
reflection when you turn it in to me. To alleviate that risk, your name and any other information 
that could identify you will be removed and will not be used throughout the data analysis and 
research process. Only I, as the researcher, my adviser, and people who audit IRB procedures 
will have access to the data.
If you have questions or concerns, or are interested in the results of this study, please call me, 
Mary Baker, at 777-6759 or her adviser, Dr. Myrna Olson, at 777-3188. If you have any questions 
or concerns, please call the Office of Research and Program Development at 777-4279.




You will receive a copy of this consent form.
Thank you for your assistance with this study.
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APPENDIX B 
"ICE CREAM FOR ALL" 
PROBLEM SOLVING ACTIVITY
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The Ice Cream Stands Problem
Description
In this activity, a graph is used to represent the map of a city. The problem that is 
explained in the story is easy to understand, but, surprisingly, there is no simple, 
straightforward way to solve it. Students will find themselves experimenting with 
a variety of approaches.
Materials
• A copy of the map of Iceberg for each student.
• Overhead transparencies of the Iceberg map and the Secret Solution .
Instructions
1. Pass out copies of the map of Iceberg and present the following to the 
students:
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What you have in your hands is a map of the town of Iceberg. It's a 
somewhat unusual way to draw a map. The lines on this map 
represent streets and the dots are street corners. The map doesn't 
have any houses on it, but we do know that there is at least one 
house at each corner.
Iceberg would be a nice place to live, except for one problem, you 
can't get ice cream anywhere in town. So Ivan and Ivana Icicle 
have founded the The Icicle & Iceberg Ice Cream Company in 
order to do something about that. Ivan and Ivana want to do 
something good for their town, so they are going to build ice cream 
stands all over town where people can go to buy ice cream. They 
want it to be easy for the people to get ice cream. They also want 
to make money.
At first, Ivan and Ivana had hoped to put an ice cream stand on 
every corner, knowing how, in the summertime, they would just 
rake in the money. But ice cream stands are expensive to build: 
you have to buy all that lumber, and nails, and windows, etc. Then 
you have to put big freezers inside them, and pay people to work in 
them all day, and so forth. It didn't seem possible to sell enough ice 
cream to pay for ice cream stands on every corner.
They figured, however, that people would still eat lots of ice cream 
if they only had to walk down the street to get it. Their second plan 
was to build the ice cream stands so that people could get ice 
cream either right there on the corner where they live, or at the 
very most, have to walk down only one street to find a corner 
where there was an ice cream stand.
Now, all they have to do is figure out where to put the ice cream 
stands. Where should they put them? How many do they have to 
build?
2. Show the students how to use the unifix cubes to mark the places where 
they think that the ice cream stands should go. Place a marker of one 
color on a corner where you will put an ice cream stand. Then put markers 
of a second color on all the corners that are one street away from that ice 
cream stand. All the people who live in those houses will walk one street 
to get to the ice cream stand on the next corner.
3. Have the students experiment with their maps and decide where they 
think the ice cream stands should go. As students find configurations of 
ice cream stands that will serve all the houses, remind them that the ice 
cream stands are expensive to build, and that Ivan and Ivana want to build 
as few as possible. Ask if there's any way to rearrange their configuration 
of ice creams stands so that one or more can be eliminated.
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4. You can tell students that it is possible to build only 6 ice creams stands 
and serve all of the houses in this town, or you can let them try to discover 
that this is the minimum on their own.
5. After students have had a chance to work on the puzzle and solve it, show 
them how it was made.
• Display the transparency of the Secret solution.
• Explain that you can make a puzzle like the Ice Cream Stands 
Puzzle by drawing the solution first. It is easy to see what the 
solution to the puzzle is when looking at the Secret Solution .
• Then lay the map of Iceberg over the Secret Solution on the 
overhead. Almost by magic, the easy-to-see solution disappears. 
After drawing the solution to the puzzle, the puzzle-maker draws 
just enough disguising lines to make the solution hard to find.
• Invite students to make a similar puzzle of their own.
• It is not necessary to make puzzles with ice cream stands only. 
Perhaps the students would like to make a puzzle about something 
that is more interesting to them than ice cream. One way to begin is 
by asking, "What kinds of things do you think a town should have 
many of so that there is one close to everyone's house?" Students' 
ideas may include: convenience stores, video rentals, swimming 
pools, shopping malls, parks etc.
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Discussion
1. What strategies did you use to try to figure out where to put the ice cream 
stands? How did you check to make sure that no house was too far away 
from an ice cream stand? Do you think it is possible to arrange the ice 
cream stands in a different way so that Ivan and Ivana won’t need to build 
so many of them?
2. How did you make your own puzzle? If you didn't use ice cream stands in 
the puzzle that you made, how did you decide what to use instead? What 
happened when you showed your puzzle to other people? Were they able 
to solve it?
3. Do you think it would be possible to make a puzzle like this, and then 
come up with a solution that is even better (i.e., takes fewer ice cream 
stands) than the one you built into the puzzle in the first place? Try to 
make a puzzle where that happens.
4. Explain to students that this puzzle is an example of what mathematicians 
call a one-way function . If you start with the solution and create the puzzle 
it's easy. If you start with the puzzle and have to find the solution it's not. 
One way it's easy, one way it's hard. A place that one-way functions are 
useful is for inventing secret codes. When you have a good scheme for a 
secret code, it is easy to encode a secret message, but difficult to decode 
it. Invite students to find other examples of one-way functions.
5. Ask students to think of other situations in real life that might present 
themselves as a puzzle like this. Some of their ideas might include: finding 
locations for warehouses, main and branch offices, electrical switching 
stations, telecommunication centers, airports, hamburger joints, hospitals, 
fire stations, and restrooms. Remind students that when people are faced 
with problems like this in real life, someone hasn't made the puzzle ahead 
of time. Trying to find strategies for solving puzzles like this is important 
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MATHEMATICS INFORMATION PROCESSING SCALE 
SURVEY INSTRUMENT
116
The data collected from this survey will be used as a part of instructional research being conducted by the instructor, 
Mary Baker, to improve the instructional strategies and design o f this course and as a part of her dissertation.
Mathematics Information Processing Scale
Directions: Using the following 1-5 scale, please indicate by circling how well the statements describe your 
study motives, strategies, beliefs and experiences: 1 (not at all typical) to 5 (very typical).
Not a t all Very
typical Typical typical
1. I practice many different types of problems as a routine part of study. 1 2 3 4 5
2. I memorize formulas or computations when I prepare for tests. 1 2 3 4 5
3. I create diagrams, pictures, and charts to improve my understanding. 1 2 3 4 5
4. When I begin studying a new section, I break it down into parts. 1 2 3 4 5
5. I take more time to complete assignments than most students. 1 2 3 4 5
6. I prepare for tests by imagining how I  will be thinking and feeling. 1 2 3 4 5
7. When I have difficulty learning material, I look for additional books. 1 2 3 4 5
8. I do not move on to a new section until I understand central explanations,
problems, etc. 1 2 3 4 5
9. I f  I learn how to solve a problem on my own, I  am less apt to forget it. 1 2 3 4 5
10. I try to reduce the amount of time it takes me to solve problems. 1 2 3 4 5
11. If  I  have difficulty solving a problem, I  rethink my procedure. 1 2 3 4 5
12. I do not feel comfortable with my learning until I know how and when to
apply a formula. 1 2 3 4 5
13. I go over and over problems without making much progress. 1 2 3 4 5
14. I can remember general procedures/rules, but I have difficulty applying
them to new or different problems/situations. 1 2 3 4 5























Not a t a ll
typical Typical
I do not understand the real object behind statistical procedures. 1
I do not care if I know what a statistic is used for, as long as I  can 
perform the calculations. 1
I can better understand a statistic when it is related to a concrete (real- 
life) situation. 1
I find statistics very logical. 1
I cannot predict the types of questions on tests and examinations. 1
If  I forget one step in a solution, I am unable to continue. 1
I prefer that instructors explain examples step-by-step. 1
I am unable to understand material before the instructor moves on. 1
I like working out problems without assistance from others. 1
I am unsure of the central message(s) in lectures and assignments. 1
I do not grasp mathematics easily. 1
I review lecture notes by relating central ideas to problems. 1
I f  I spend a long time studying something, I feel I  should know it. 1
I do not have enough time to grasp deeper meanings in material. 1
I get confused when I attempt different types of problems. 1
I rely on instructors to show me how to perform procedures. 1
If  I get a high score on a test, I feel I  have mastered the material. 1
It  is difficult for me to change the way that I perform calculations or think 
about problems. 1
I  feel "dumb" in mathematics and statistics courses. 1
I am unsure what test questions mean or are asking me to do. 1
I  find it difficult to go through all steps needed to solve problems. 1


















































Not a t a ll
typical
I make learning objectives for each new area of study. 1
I learn the theory behind a procedure (or statistic) before attempting any 
exercises. 1
I look for new or different methods of solving problems. 1
I listen for the main idea(s) when the instructor begins a new section. 1
I go over many examples until I develop a deeper understanding. 1
I  keep track of the types of errors I make in my calculations. 1
I write out the meanings of statistical formulas in my own words. 1
I attempt difficult questions to improve my problem solving skills. 1
I study by clustering text/lecture material into "chunks".... 1
I rehearse or repeat problems until they become routine. 1
I prepare for tests by looking for associations between ideas. 1
I look for key words or phrases that will help me solve problems. 1
If  an exercise does not look familiar, I  develop a new procedure. 1
I forget much of what I  have studied within a week of the test. 1
I would perform better on tests/exams, if I were allowed to write them 
outside of the classroom. 1
I develop a general frame of understanding to interpret the question. 1 
I determine where the problem fits into various topics. 1
I identify the major goal. 1
I  examine contextual information for clues. 1
I determine what information in the problem is most relevant. 1
I develop a plan of action. 1
I select strategies to carry out a plan. 1















































Not a t a ll
typical
I revise or abandon unproductive strategies and plans. 1
I examine all aspects of each question before beginning an answer. 1
I either know how to solve a problem or I do not. 1
I am distracted by other students' sounds or actions. 1
I catch myself thinking about things other than the actual questions. 1
I think about what sort of mark I am going to receive. 1
I have difficulty determining what information in the question or problem 
is crucial to finding the solution. 1
I recall material in the order that I study it. 1
I am preoccupied with what others will think of my performance. 1
I spend a lot of time waiting for the answer to come to me. 1
I focus all of my energy on finding strategies to answer questions. 1
I can control how aroused I  get when I encounter a difficult problem. 1
I have difficulty focusing my attention on the details in each question. 1
I find my level of arousal or excitement distressing. 1
I worry about what students/instructors will think of me if I do poorly. 1
I rely on immediate recall and sight recognition to answer questions. 1
I shut out any doubts about my performance and focus on questions. 1
I restrict my analysis to what I  think is the most important information. 1
I get too agitated to analyze all aspects of the question. 1
I only take smaller details into consideration after I have determined that 
they are relevant to the solution. 1
I focus a lot of attention on cues that I later find out are irrelevant. 1










































54v. I find my excitement level helps me to recall information.








54 w. I experience "mental blocks." 1 2 3 4 5
54x. I get caught up examining all of the details in the problems. 1 2 3 4 5
54y. I recall similar practice problems and reproduce the steps. 1 2 3 4 5
54z. I find time restrictions on tests significantly reduce my performance. 1 2 3 4 5
Bessant, K. C. (1997). The Development and Validation of Scores on the Mathematics Information Processing Scale 




































3.47 3.67 3.44 3.50 3.36 3.55 3.50 3.42 2.68 3.91
4.00 4.13 4.38 4.56 4.09 4.05 3.67 4.00 3.14 3.77
2.80 ★ 3.88 * 3.50 * 2.83 * 2.64 *
3.00 3.93 3.50 3.00 3.00 3.00 3.83 4.25 2.77 3.41
3.53 3.27 2.50 2.50 2.14 2.32 3.92 3.83 2.86 3.64
2.87 2.87 1.56 1.38 1.27 1.23 2.75 2.75 2.27 2.27
2.87 3.47 2.44 2.69 3.32 2.95 3.17 3.58 2.18 2.77
3.67 3.53 2.19 2.44 1.68 1.86 3.83 4.17 2.82 3.05
3.53 3.93 3.19 2.63 2.50 1.68 3.58 3.67 2.68 3.45
m  3.20 3.00 1.69 1.94 1.59 1.36 3.33 3.58 2.14 2.27
W 2.60 2.93 3.50 3.88 3.23 3.14 3.25 3.50 2.45 2.50
2.93 3.40 3.44 3.63 3.23 2.77 3.25 3.25 2.68 3.14
3.33 3.27 4.13 4.06 3.68 3.18 3.42 3.17 2.55 3.27
1.93 3.00 4.50 3.50 4.59 3.36 2.75 3.25 2.77 2.82
3.53 3.33 3.25 3.06 3.00 2.50 3.67 3.58 3.09 2.86
4.07 4.60 3.44 3.63 3.05 2.86 3.42 3.42 3.00 3.68
2.80 3.47 3.56 3.56 2.45 3.05 2.83 3.17 2.14 3.41
2.33 3.40 2.69 3.19 3.55 2.82 3.00 3.17 1.95 2.59
2.87 3.93 2.50 2.50 2.05 2.36 3.58 3.33 3.18 3.68
3.53 3.67 2.94 3.69 3.36 3.55 3.25 3.50 3.09 3.41
3.73 3.53 3.56 3.19 2.59 2.55 3.83 3.42 2.86 3.14
3.33 3.73 2.88 2.88 2.32 2.64 2.92 3.25 3.05 3.64

















4.13 4.80 4.06 4.06 4.00
3.93 4.33 4.13 3.00 3.68
2.67 3.07 2.50 2.81 2.23
3.20 4.20 4.25 4.13 3.05
3.73 4.00 3.50 4.25 3.64
















2.77 3.17 3.92 4.00 4.05
2.73 3.33 3.42 3.45 4.05
2.45 2.92 3.42 2.41 3.05
2.36 3.67 4.25 2.45 4.09
3.95 4.00 3.50 3.95 3.64
3.77 3.83 4.25 3.32 3.00
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